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FOREWORD 

This bibliography covers essentially all aspects of analytical meth
odology for plutonium. It goes beyond strictly analytical procedures in order 
to provide a basis for analytical development work that is still needed on 
procedures for analyzing new compounds and alloys of plutonium and onnew 
approaches to long-standing problems. 

The l i tera ture covered includes physical chemistry, separations 
chemistry , physiological and criticality hazards , health and safety, glove
box construction and operation, and corrosion control - -a l l relating to plu
tonium. The entr ies selected are those the compilers considered valuable 
to persons engaged in all aspects of the analysis of plutonium. 

The l i te ra ture from 1947 through March 1964 was searched and 
short abs t rac ts prepared especially for this bibliography. The sources used 
were : 

Analytica Chemica Acta 

Analytical Chemistry 

Chemical Abstracts 

Journal of the American Chemical Society 

Journal of Chemical Education 

Journal of Inorganic and Nuclear Chemistry 

Nuclear Science Abstracts 

Talanta 

The Analyst 

and the files at Argonne National Laboratory. 

Ent r ies a re a r ranged alphabetically by first author, and a key-word 
subject index is provided. Journal t i t les are abbreviated according to the 
"List of Per iod ica l s , " 1961, published by the American Chemical Society. 
This l ist also gives the names of publishers and indicates the l i b ra r i e s 
where the periodicals a re retained. A key to the symbols used for the r e 
port l i t e ra tu re , both foreign and domestic , is presented on the following 
pages . 





ORGANIZATIONAL SYMBOLS 

Symbol Full Title of Organization 

A Calif. Univ., Berkeley, Radiation Lab. 

AE Aktiebolaget Atomenergi, Stockholm 

AECD U. S. Atomic Energy Commission Declassified Document 

AECL Atomic Energy of Canada Ltd., Chalk River, Ontario 

AEC-tr Division of Technical Information Extension, AEC 

AECU Division of Technical Information Extension, AEC 

AEDC Arnold Engineering Development Center, Arnold AF Station, 
Tenn. 

AEEW United Kingdom Atomic Energy Authority, Research Group, 
Atomic Energy Establishment, Winfrith, Dorset , England 

AERE United Kingdom Atomic Energy Authority, Atomic Energy 
Research Establishment, Harwell, Berkshire , England 

AFSWC Air Force Special Weapons Center, Kirtland AFB, 

New Mexico 

ANL Argonne National Laboratory, Argonne, Illinois 

BC Calif. Univ., Berkeley, Radiation Lab. 

BMI Battelle Memoria l lns t . , Columbus, Ohio 

CAPE Division of Technical Information Extension, AEC (to 

identify engineering mater ia l s ) 

CC University of Chicago. Metallurgical Laboratory 

CEA . F r ance . Commissar ia t a- l 'Energie Atomique, Pa r i s 

CEI National Research Council of Canada, Atomic Energy 

Project , Chalk River, Ontario 

OF University of Chicago. Metallurgical Laboratory 

CF-(yr -mo) Oak Ridge National Laboratory, Tennessee 

CH • University of Chicago. Metallurgical Laboratory 

CI National Research Council of Canada 

CK University of Chicago. Metallurgical Laboratory 

CL University of Chicago. Metallurgical Laboratory 

CN University of Chicago. Metallurgical Laboratory 



Symbol F u l l T i t l e of O r g a n i z a t i o n 

CONF S e r i a l n u m b e r a s s i g n e d to c o n f e r e n c e s c a t a l o g e d by the 

AEC D i v i s i o n of T e c h n i c a l I n f o r m a t i o n E x t e n s i o n 

COO Ch icago O p e r a t i o n s Office, AEC 

CRC Na t iona l R e s e a r c h Counc i l of C a n a d a , A t o m i c E n e r g y 
P r o j e c t , Cha lk R i v e r , O n t a r i o 

CRDC Na t iona l R e s e a r c h Counc i l of C a n a d a , A t o m i c E n e r g y 
P r o j e c t , Cha lk R i v e r , O n t a r i o 

C R P Na t iona l R e s e a r c h Counc i l of C a n a d a , A t o m i c E n e r g y 

P r o j e c t , Cha lk R i v e r , O n t a r i o 

C R R P Na t iona l R e s e a r c h Counc i l of C a n a d a 

CT U n i v e r s i t y of C h i c a g o . M e t a l l u r g i c a l L a b o r a t o r y 

DASA Defense A t o m i c S u p p o r t Agency , Wash ing ton , D. C. 

D E G - R e p o r t Uni ted Kingdom A t o m i c E n e r g y Au tho r i t y . D e v e l o p m e n t and 
E n g i n e e r i n g G r o u p , R i s l e y , L a n e s , E n g l a n d 

D P DuPont de N e m o u r s (E. I.) & C o . , Wi lming ton , De l . 

E R D L E n g i n e e r R e s e a r c h and D e v e l o p m e n t L a b s . , F o r t B e l v o i r , Va. 

EUR E u r o p e a n Atom.ic E n e r g y C o m m u n i t y , N u c l e a r R e s e a r c h 
C e n t e r , I s p r a , I ta ly 

EURAEC Uni ted S t a t e s - - E u r a t o m Jo in t R e s e a r c h and D e v e l o p m e n t 

P r o g r a m 

G E A P G e n e r a l E l e c t r i c Co. 

HW G e n e r a l E l e c t r i c Co . Hanford A t o m i c P r o d u c t s O p e r a t i o n , 
R ich land , Wash . 

HW-SA G e n e r a l E l e c t r i c Co. Hanford A t o m i c P r o d u c t s O p e r a t i o n , 

R ich land , Wash . 

IDO Idaho O p e r a t i o n s Office, AEC 

IGO Gt. B r i t . W i n d s c a l e W o r k s , Se l la f ie ld , C u m b . , E n g l a n d , 
I n d u s t r i a l G r o u p R e p o r t 

IGR Gt. B r i t . Windsca l e W o r k s , Se l la f ie ld , C u m b . , Eng l and , 

I n d u s t r i a l G r o u p R e p o r t 

IS A m e s L a b o r a t o r y , A m e s , Iowa 

ISC Iowa Sta te C o l l e g e , A m e s , Iowa 

J E N E R J o i n t E s t a b l i s h m e n t for N u c l e a r E n e r g y R e s e a r c h , 

K j e l l e r , N o r w a y 

J P R S Jo in t P u b l i c a t i o n s R e s e a r c h S e r v i c e , New Y o r k 



Symbol Full Title of Organization 

JUL Kernforschungsanlage, Julich, Germany 

K Carbide and Carbon Chemicals Corp., K-25 Plant, Oak Ridge, 

Tenn. 

KAPL Knolls Atomic Power Lab , Schenectady, New York 

KFK Kernreaktor Bau-und Betrieb-Gesellschaft , M. H., 

Kar ls ruhe , Germany 

KR Norway. Institutt for Atomenergi, Kjeller 

LA Los Alamos Scientific Lab. New Mexico 

LADC Los Alamos Scientific Lab., New Mexico 

LAMS Los Alamos Scientific Lab. , New Mexico 

LRL California Research & Development Co., Livermore Re
search Lab., Livermore , California 

LWS California Research and Development Co., Berkeley, Calif. 

MDDC Manhattan Distr ict , Oak Rtdge, Tennessee 

MLM Mound Laboratory, Miamisburg Ohio, Operated for USAEC 

MND Martin Co., Nuclear Division, Baltimore 

Mon (Letter) Clinton Labs. , Oak Ridge, Tennessee 

N Argonne National Laboratory, Argonne, Illinois 

NAA North American Aviation, Inc., Downey, California 

NAA-SR North American Aviation, Inc., Downey, California 

NBL New Brunswick Lab., AEC, N. J. 

NDA Nuclear Development Associates , Inc., White Pla ins , N. Y. 

NP Division of Technical Information Extension, AEC. Non-
AEC report 

NUMEC Nuclear Materials and Equipment Corp., Apollo, 

Pennsylvania 

NYO New York Operations Office, AEC 

ORNL Oak Ridge National Laboratory, Tennessee 

ORNL-TM Oak Ridge National Laboratory, Tennessee 

PAN Polish Academy of Sciences. Inst, of Nuclear Research, 
Warsaw 

PG United Kingdom Atomic Energy Authority, Production 
Group 



Symbol F u l l T i t l e of O r g a n i z a t i o n 

P G R Uni ted Kingdom A t o m i c E n e r g y A u t h o r i t y , P r o d u c t i o n 
G r o u p 

RDB(W) Uni ted Kingdom A t o m i c E n e r g y Au tho r i t y . I n d u s t r i a l 
G r o u p . W i n d s c a l e W o r k s , Se l l a f i e ld , C u m b . , E n g l a n d 

R F P Rocky F l a t s P l a n t s - - o p e r a t e d by Dow C h e m i c a l Co . for 

USAEC 

SCR Sandia C o r p . , A l b u q u e r q u e , New M e x i c o 

SCTM Sand ia C o r p . , A l b u q u e r q u e , New M e x i c o 

TID Div i s i on of T e c h n i c a l I n f o r m a t i o n E x t e n s i o n , AEC 
T R G - R e p o r t Uni ted Kingdom A t o m i c E n e r g y Au tho r i t y . R e a c t o r G r o u p . 

A t o m i c E n e r g y R e s e a r c h E s t a b l i s h m e n t . H a r w e l l , B e r k s . , 
E n g l a n d 

UCLA C a l i fo rn i a Univ. , Los A n g e l e s 

U C R L Calif. Univ . , B e r k e l e y , L a w r e n c e R a d i a t i o n L a b . 

UK Uni ted Kingdom A t o m i c E n e r g y Au tho r i t y . R e s e a r c h 
G r o u p . A t o m i c E n e r g y R e s e a r c h E s t a b l i s h m e n t , 
H a r w e l l , B e r k s . , E n g l a n d 

UR R o c h e s t e r , N. Y. U n i v e r s i t y 

USNRDL U. S. N a v a l R a d i o l o g i c a l De fense L a b o r a t o r y , San F r a n c i s c o , 
Calif. 

WAPD W e s t i n g h o u s e E l e c t r i c C o r p . , A t o m i c P o w e r D i v i s i o n , 

P i t t s b u r g h 

WASH A t o m i c E n e r g y C o m m i s s i o n , Wash ing ton , D. C. 

WCAP W e s t i n g h o u s e E l e c t r i c C o r p . , C o m m e r i c a l A t o m i c P o w e r 
Act iv i ty , P i t t s b u r g h 

WSL Uni ted Kingdom A t o m i c E n e r g y Au tho r i t y . W i n d s c a l e W o r k s , 
Se l la f ie ld , C u m b . , E n g l a n d 

WT A s s i g n e d to r e p o r t s to the Sc ien t i f ic D i r e c t o r of J o i n t 
A E C - D O D weapon t e s t s 



A B S T R A C T S 

U PREPARATION AND PROPERTIES OF SOME P L U 
TONIUM SULFIDES AND OXYSULFIDES. B. M. 
Abraham, N. R. Davidson, E. F . Wes t rum. National 
Nuclear Energy S e r i e s , Div. IV, Vol. 14B, T r a n s 
uranium E lemen t s , P t . I, 814-19, McGraw-Hi l l Book 
Company, Inc . , New York, 1949. 

At approximately 1 225°C , PuOj in a graphi te crucible 
r eac t s with HjS to form P u P j S . A different X- ray pat
te rn is formed for a chemical ly identified PU2S3 p r e 
pared from PuClj and HjS at 900°C. PuS was thought to 
be obtained by reduction of PuT^ with Ca meta l in a 
BaS cruc ib le . 

2. ION EXCHANGE BEHAVIOR OF THE TRANSURA
NIUM ELEMENTS IN LiNOj SOLUTIONS. S. Adar, 
R. Sjoblom, R. B a r n e s . P . F i e lds , E . Hullet. H. Wil
son. J . Inorg. Nucl. Chem. 15_. 447-452 (1963). 

The dis t r ibut ion coefficients of the t r iva len t actinide 
e lements Pu, Am, Cm, and Cf between LiNOj solutions 
(containing 0.005 M H+) and Dowex-1 anion res in were 
measu red . 

^ ANALYTICAL METHODS SURVEY - AEC MA
TERIALS MANAGEMENT - CONTRACTOR R E P R E 
SENTATIVES MEETING, WASHINGTON, D. C , 
MAY 7-9, 1956. TID-7516 {Pt. l ) . 

AEC and cont rac tor r e p r e s e n t a t i v e s met to d i scuss 
nuclear m a t e r i a l s control . P r o b l e m s covered included 
p rocedures for nneasurement of U consunnption, 
coulometr ic determinat ion of Pu and U, X-ray spec
t rographic de terminat ion of U, and a complexing agent-
ammonium phosphate method for the analytical 
separat ion of U. 

4^ A MONITOR FOR URANIUM AND PLUTONIUM IN 
THE AIR. AEI Eng. _2a. No. 6, 309-11 (Nov- Dec 
1962). 

An air monitor was developed to exploit the p rope r t i e s 
of a Si s u r f a c e - b a r r i e r de tec tor featuring background 
separat ion, high sensi t ivi ty , U-Pu d i sc r imina t ion , and 
rapid r e sponse . 

5. THE ION-EXCHANGE PROPERTIES OF SILICA 
GEL. I. THE SORPTION OF Na"*", Ca^+, Bâ "*", UO^ , 
Gd̂ "*", Zr(lV)+Nb, U(IV), and Pu(lV). S. Ahrland, 
I. Grenthe, B, Noren. Acta Chem. Scand. j_4, 1059" 
76 (1960). 

The me ta l - ion sorption on si l ica gel was invest igated. 
It acts as an ion exchanger of the weakly acid type. An 
amount of H ions equivalent to the amount of me ta l 
ions sorbed is set free at the sorption on s i l ica gel that 
has been sa tura ted with H. The amount of meta l ions 
sorbed depends strongly on the pH of the solution. The 
equil ibrium is usually reached within 5 min . 

6. RECENT DEVELOPMENTS IN AQUEOUS REPRO
CESSING OF IRRADIATED URANIUM. S. Ahrland. 
NP-7672. O c t . ] . 1958. 

Recent developments of organic ion exchangers for Pu 
tai l end t r ea tmen t and use of inorganic exchanger for 
Pu and U separa t ion a r e d i scussed . Considera t ion is 
given to using U(IV) for Fe(ll) as a reducing agent for 

Pu(lV). Dua l - t empera tu re scrub also d e s e r v e s c lo se r 
investigation, 

7. THE ANALYSIS FOR PLUTONIUM BY COUNTING 
METHODS. A. M. Aikin, T. Bruce . CEI -58 , 
June 15, 1953. 

The LaF j method for Pu was investigated and found to 
be below 95% of the t rue value. This is due pr incipal ly 
to self absorpt ion of a lphas . It was noted that a b s o r p 
tion r eaches 5% when the sources contain 500/jg of U. 
It is bet ter in some cases to make a d i rec t mount 
r a the r than separa te the Pu by LaF j . 

8^ ION EXCHANGE RECOVERS PLUTONIUM FROM 
IRRADIATED FUELS. A. M. Aikin. Chem. Eng. 
P r o g r e s s , _53, 82F-85F (1957). 

Pilot plant runs a re descr ibed to demons t r a t e the ex
t rac t ion of Pu from i r rad ia ted U by anion exchange 
methods . 

^ IMPROVEMENTS IN OR RELATING TO PURIFICA
TION OF PLUTONIUM. L. Airey. Br i t i sh Pa t . 
905,274, Sept.5, 1962. 

The usual oxalate precipi tat ion method for final pur i f i 
cation of Pu from i r rad ia ted U was modified so that 
further oxalate precipi ta t ions could be c a r r i e d out. 
The Pu oxalate prec ip i ta te is oxidized by ozone anodic 
oxygen in HNO3 solution to decompose the oxalate and 
dissolve the Pu, and the resul t ing solution may then be 
t rea ted again for precipi tat ion of Pu oxala te . 

10. TRI-n-BUTYL PHOSPHATE AS AN EXTRACTING 
SOLVENT FOR INORGANIC NITRATES-V. FUR
THER RESULTS FOR THE TETRA- AND HEXA
VALENT ACTINIDE NITRATES. K. Alcock, G. 
F . Best , E. Hesford, H. A. C. McKay. J . Inorg . Nucl, 
Chem. 6, 328-333 (1958). 

Par t i t ion coefficients have been de te rmined for (Th. 
Np, Pu)(NOj)4 and (U, Np, Pu) 02(N03)2 at t r a c e concen
t ra t ions in p resence of n i t r ic acid, between a t r i - n -
butyl phosphate (TBP) and an aqueous phase . All a r e 
strongly extracted. 

1_K INVESTIGATION OF THE P u O ^ F j - H F - H p SYSTEM 
(20°C DIAGRAM). I. F . Alenchikova, L. V. L ip i s , 
N. S. Nikolaev. Atomnaya Ene rg . j_0, 592-6 
(June 1961). 

The complex forming react ion, hydro lys i s , and sol
ubility in hydrofluoric acid solution at var ious t e m p e r 
a tu re s of plutonyl fluorides were studied by means of 
i so the rma l solubility of the t e rna ry sys tem PuOjFa-
H F - H p . The p re sence of the th ree phases PuOjEj-H^O, 
H2Pu02F4-4H20. and Pu02F2-2HzO was es tabl ished by 
e lec t ron absorpt ion spec t roscopy . The p r e s e n c e of the 
acid was es tabl ished by a migra t ion method and by po
ten t iomet r ic t i t ra t ion . 

12. STUDY OF THE PHYSICOCHEMICAL PROPERTIES 
OF PLUTONYL FLUORIDE. I. F . Alenchikova, 
L. L. Zai tseva, L. V. Lipis , N. S. Nikolayev, V. V. 
Fomin, N. T. Chebotarev . Russ ian J o u r , of Inorg . 
Chem. 3, No. 4-6 , 178 (1958). 



Methods of prepar ing plutonyl fluoride and its p r o p e r 
t ies were studied. The Pu was de termined rad iomet -
r ica l ly , and its valence state de termined by electronic 
absorpt ion spec t ra of c r y s t a l s . Plutonyl fluoride c r y s 
ta l s t ruc ture is descr ibed. 

12. A SURVEY OF DEVELOPMENTS IN PLUTONIUM 
PROCESS CHEMISTRY FOR 1948-1949. H. W. 
Alter , E . L. Zebrosk i . KAPL-314, March 17, 1950. 

Work at Knolls Atomic Power Labora tory and at A r 
gonne, Hanford, and Oak Ridge is surveyed, 

]A. ONE-CYCLE PROCESS FOR RECOVERY AND 
DECONTAMINATION OF PLUTONIUM. H. W. 
Alter , R. Fowler , J . L. Mewher te r . KAPL-1748, 
Jan. 2, 1957. 

The proposed p rocess involves a solvent extract ion, 
cation exchange stage, followed by precipi tat ion of 
plutonium peroxide with hydrogen peroxide. 

15. THE SEPARATION OF PLUTONIUM BY ANION 
EXCHANGE IN 1 OM NITRIC ACID SOLUTION. 
I. PRELIMINARY INVESTIGATION. II. ANA
LYTICAL APPLICATION TO ROD SOLUTION. 
G. M. Allison, R. G. Har t . AECL-1372 (PDB-86 
and 87). F i r s t i ssued in 1953. Reissued Sept 1961. 

Pu(lV) can be adsorbed from 8M HNOj on a column of 
Dowex-1, washed, eluted to Pu(lII) with Fe(l l ) , 
NHaOH-HCl, or HzS04 solutions. To obtain purer Pu, 
this can be done again. The method can be used in the 
recovery and purification of Pu, either as an early 
step or as the final purification stage, and for the use 
in separat ing Pu for analytical detection. Time r e 
quired is 2 hours . 

1_6. THE SPECTROPHOTOMETRIC DETERMINATION 
OF PLUTONIUM AS Pu(lII). G. M. Allison. 
AECL-1371 (PDB-57), April 23, 1952. 

A sample containing 10-20 nng of Pu is pipetted into a 
5-ml volumetr ic flask containing some 0.5N HNOj and 
0.5 ml of 10% NH^OH'HCl. The solution is diluted to 
volunne with 0.5N HNO3, and absorbance is m e a s u r e d 
at 602 mu after standing 15-30 minutes . P rec i s ion is 
>1%. The method was checked grav imet r ica l ly by de
tection of Pu as Pu02 and t i t r imet r ica l ly by reduction 
to Pu(lll) with a Jones reductor and t i t ra t ion with 
Ce(S04)2. No interference is encountered from Fe and 
U in concentrat ions up to 5(fIo of the Pu concentrat ion. 

n . FUEL REPROCESSING SERIES: FUEL REPRO
CESSING BY AQUEOUS METHODS. E. L. Ander
son, J r . Nucleonics 15, No. 10, 72-77 (1957). 

A general ized solvent-extract ion flow sheet for the 
separat ion of U and Pu fronn i r rad ia ted fuels is 
presented . 

i^ . THE DETERMINATION OF PLUTONIUM IN URA
NIUM RECOVERED BY REDOX. W. S. Andrus, 
D. J . F i she r . KAPL-328, April 11, 1950. 

It is des i red to analyze Pu to within ±5 pa r t s per 
10' pa r t s of U. Connplete separat ion from other alpha 
emi t t e r s is requi red . The nnethod is a modification of 
the LaFj procedure and incorpora tes a meta thes i s step 
before final mounting of the LaF3 prec ip i ta te . 

19. CHEMICAL ENGINEERING DIVISION SUMMARY 
REPORT. JULY, AUGUST, SEPTEMBER 1958. 
Argonne National Labora to ry . ANL-5924, 
Dec 1958. 

A spect rophotometr ic method for Pu using the n i t ra te 
complex is d iscussed , as well as p r o g r e s s on a po la ro 
graphic method and an indirect method for Pu where 
i ron is determined with or thophenanthrol ine. P r e l i m 
inary work was also done on the de te rmina t ion of Pu 
with iodide. 

20. MASS SPECTROSCOPY AND CRYSTAL STRUC
TURE - DIVISION QUARTERLY FOR S E P T E M 
BER 1, 1949 THROUGH NOVEMBER 30, 1949. 
Argonne National Labora tory . ANL-4400, 
Jan . 19, 1950. 

Isotopes of V, I, and Pu were examined by m a s s spec
t roscopy. It was found that Pu could be analyzed with 
as li t t le as 2 u gm. It was noted that res idual gases 
a r e important sources of e r r o r owing to differential 
re ta rda t ion of the ions during ana lys i s . 

2J_. CHEMICAL ENGINEERING DIVISION SUMMARY 
REPORT FOR APRIL, MAY. JUNE I960. Argonne 
National Labora tory . ANL-6183. 

A fusion technique was developed for the dissolut ion of 
PuOj, and analytical nnethods were developed for the 
determinat ion of Pu, 

_22. REACTOR DEVELOPMENT PROGRAM PROGRESS 
REPORT. JULY 1963. Argonne National Labora
tory . ANL-6764, Aug. 15, 1963. 

Development p r o g r e s s is repor ted on fast r e a c t o r s , 
l iquid-metal -cooled r e a c t o r s , ZPR-III , ZPR-IV, ZPR-
VI, ZPR-VII , Fa re t , EBR-I , EBR-II , Borax-V, Trea t , 
Fernni Fas t Breeder Reac tor , nnagnetohydrodynannic 
ce l l s , thermionic ce l l s , rocket fuel tes t r e a c t o r , and 
HiC cr i t i ca l assennbly. Nondestruct ive tes t ing, chem
ical separat ion, physics , nnaterial development, and 
nuclear safety a r e d iscussed . 

23. REACTOR DEVELOPMENT PROGRAM PROGRESS 
REPORT. OCTOBER 1963. Argonne National Lab
ora tory . ANL-6801, Nov. 15, 1963. 

R e s e a r c h and development p r o g r e s s is r epor t ed on 
severa l r e a c t o r s , applied nuclear phys ics , r eac to r 
fuels and m a t e r i a l s , chemical separa t ion , nuclear 
safety, and heat engineering r e s e a r c h . 

24. SURVEY OF SEPARATION PROCESSES. PART I. 
GENERAL CONCLUSIONS AND COMPARISONS. 
W. W. Arms t rong , E. R. Gilbert , J . O. Maloney. 
CN-1017 (Del.), Oct. 29, 1943. 

The bismuth phosphate, lanthanum fluoride, adsorpt ion-
sodium uranyl ace ta te , and dry fluoride p r o c e s s e s were 
surveyed for their efficiency in recover ing Pu in a de
contaminated form. 

25. SURVEY OF PROCESSES FOR SEPARATION OF 
THE PRODUCTS OF NUCLEAR REACTORS. 
J . H. Arnold, M. Benedict, J . A. F inneran , S. 
Golden, F . B. Grosse l f inger . In TID-2502 (Del.), 
Nuclear Science and Technology, Vol. 1, I s sues 1 
to 3, Apri l -Dec 1951, pp. 81-97. 



The p r i m a r y objective of the survey was the evaluation 
of separa t ion p r o c e s s e s , for future ins ta l la t ions , for 
recover ing and decontaminating Pu and U from i r r a 
diated na tu ra l U and concentrat ing the res idua l r ad io 
active was te . 

26. PREPARATIONS OF THIN UNIFORM PLUTO
NIUM LAYERS. P . M. Aron, L. Z. Malkin. 
Rad iokh imiya^ , 619 (1962). 

Deposition of uniform 1.5 cm^ and 30 fiC thin Pu films 
between two or th ree l aye r s of perchlorovinyl r e s in 
and colloidal l aye r s a r e desc r ibed . 

27. ISOTOPIC ANALYSIS OF PLUTONIUM BY O P T I 
CAL SPECTROSCOPY. J . Artaud, M. Chaput, 
S. Gers tenkorn . CEA-1909. 

Isotopic analysis of m i x t u r e s of P u " ' and Pu^*" was 
ca r r i ed out by means of a F a b r y - P e r o t photoelectr ic 
spec t romete r , the source being a hollow cathode cooled 
by liquid N. Spect ra l l ines of 4676.46, 4986.78, 
5044.57, and 5561.98 A were found sui table . When 
X = 5044.57 A was used, the re la t ive prec is ion was 
-2% for sannples containing 3% Pu 

28. L'ANALYSE SPECTROGRAPHIQUE DU PLUTO
NIUM. (Spectrographic Analysis of Plutonium}. 
J . Artaud, M. Chaput, J . Robichet . CEA-1541 , 
I960. 

Methods for the spec t rographic de terminat ion of i m 
pur i t ies in Pu are cons idered . Applications of the 
copper spark method, sparking graphi te , and fractional 
dist i l lat ion in the a r c a re desc r ibed . 

29. E F F E C T OF ALPHA RADIATION ON THE VA
LENCE OF PLUTONIUM IN NITRIC ACID SOLU
TIONS. P . I. Artyukhin, V. I. Medvedovskii , A. D. 
Gelman. Radiokhimiya 1, 131-5(1959) . 

The intial ra te of reduction of Pu"*"̂  in n i t r ic acid with 
alpha radiation i n c r e a s e s with n i t ra te concentra t ion 
and d e c r e a s e s as H+ i n c r e a s e s . The reduct ion is 
thought to be due to HzOz and ni t rous acid formed as a 
by-product of alpha radiat ion. 

30. THE DRY CHEMISTRY OF PLUTONIUM. L. B. 
Asprey. In TID-7683, Plutonium Chemis t ry Sym
posium, Chicago, I l l inois , Feb . 18, 1963, pp. 28-29. 

Recent work on the dry chemis t ry of plutonium oxides, 
ca rb ides , hydr ides , ha l ides , bo r ide s , and a few m i s c e l 
laneous connpounds is surveyed. The p repara t ion and 
physical p rope r t i e s a r e d i scussed . 

31. THE CHEMICAL ANALYSIS OF BINARY ALLOYS 
OF PLUTONIUM WITH ALUMINUM, IRON OR 
URANIUM. D. H. F . Atkins, E. N. Jenk ins . 
A E R E - C / R - 2 1 6 1 , Oct I960. 

All the methods depend on the re tent ion of plutonium on 
an De-Acidi te F F anion exchanger column from 7M 
ni t r ic acid. The alloying e lements a r e de te rmined by 
conventional m e a n s . Pu is r ecove red from the anion 
exchange column under reducing conditions and de t e r 
mined by differential absorp t iomet ry . 

32 .̂ THE DISTRIBUTION OF PLUTONIUM AND FIS
SION P R O D U C T S BETWEEN MOLTEN URANIUM 
AND MOLTEN URANIUM TRIFLUORIDE-BARIUM 
HALIDE MIXTURES. F . S. M a r t i n , E. W. 
Hooper. J . Inorg. and Nuclear Chem. ±. 93-9 
(March 1957). 

At 1200 to 1400°C, Pu and fission products a r e ex
t rac ted from i r rad ia ted U on the bas i s of t r ans i t ion 
from the me ta l to the salt phase . 

33. PURIFICATION OF PLUTONIUM BY A CHROMA
TOGRAPHIC METHOD. J . A. A y r e s . ISC-49, 
June 14, 1949. 

Ma te r i a l s with activity levels up to 5 Cur i e s were 
p rocessed in the labora tory , using Amber l i te IR-1 for 
the separa t ion and decontamination of Pu . The yield 
for a th ree-co lumn operat ion was over 99% with decon
tamination factors of lO'* to 10^. 

24 . MEETING OF THE AEC WASTE PROCESSING 
COMMITTEE ON JUNE 26-28. 1950. PART II. 
COPRECIPITATION AS A METHOD OF WASTE 
DISPOSAL. J. A. Ayres , ed. KAPL-364 (Pt . II), 
Apri l 25. 1951. 

Topics d iscussed include the removal of Pu from lab
ora tory w a s t e s . 

35. A METHOD FOR DETERMINATION OF PLUTO
NIUM PRODUCTION IN REACTORS. W. Baer , 
D. Klein, N. Carbone. WAPD-P-699 , May 1956. 

A radiochemical separa t ion technique for Np was de
veloped to ass i s t in measur ing Pu production in 
r e a c t o r s . 

}b_. PLUTONIUM AND ITS ALLOYS. K. Q. Bagley. 
Nucl. Eng. Z, 461-8 (Nov 1957). 

The occur rence , availabili ty, extract ion, nuc lear p r o p 
e r t i e s , physical p rope r t i e s , compatibi l i ty , fabr icat ion, 
and handling of Pu and its alloys a r e desc r ibed . 

37. THE DETERMINATION OF PLUTONIUM ALPHA 
ACTIVITY IN URINE, FAECES, AND BIOLOGICAL 
MATERIALS. M. E. D. Bains . AEEW-R-292 , 
July 1963. 

Chemical s tages a re given for isolat ing Pu for e l e c t r o 
deposition on a s ta in less s teel disc to produce a thin, 
h igh-resolut ion sou rce . The l imit of detect ion is 
0.025 fi/iC per sample . A scint i l la tor counter was used . 

38. RETENTION, TRANSLOCATION, AND EXCRETION 
OF INHALED PLUTONIUM. N. J . Ba i r , J . P . 
Her r ing . L. A. George. In HW-72500, Hanford 
Biology Resea rch Annual Repor t for 1961. 
Jan . 15, 1962, pp. 61-66. 

The re tent ion, t rans loca t ion , and excret ion of Pu in 
dogs a r e compared for inhalation of s ix different plu
tonium dioxide ae roso l s and for plutonium n i t r a t e . 

39. TITRIMETRIC DETERMINATION OF PLUTONIUM 
" ' IN PLUTONIUM NITRATE SOLUTIONS. (SILVER 

REDUCTION SULPHATE METHOD). F . Bake r . 
W S L / M - 6 9 2 A , Aug. 7, 1957. 



After removal of HNOj, the Pu is reduced to the t r i 
valent state using a s i lver reductor and then t i t ra ted 
to the te t ravalent s tate with s tandard ce r ic sulfate 
solutions. 

4£. RECENT DEVELOPMENTS IN PLUTONIUM 
PROCESSING IN THE UNITED STATES. R. D. 
Baker , J. A. Leary . P r o c . 2nd Intern . Conf. 
Peaceful Uses Atomic Energy, Geneva, 1958, 1_7, 
356, United Nations, New York, 1958. 

Aqueous and pyronnetallurgical p rocess ing methods 
a re considered. 

4j_. PLATING OF SOME UNCOMMON METALS. 
J . Balachandra. Symposium on Elect rodeposi t ion 
Metal Finishing. P r o c , Karaikudi , India, 1957, 
63-6 (I960). 

A survey of the plating p roce s se s that have been ap
plied to Ti, Z r , Mo, Be. W, Ru, and Pu. 

42. REMOVAL OF INTERNALLY DEPOSITED PLU
TONIUM. J. Ballou. In HW-72500, Hanford Biol
ogy Resea rch Annual Report for 1961, Jan. 15, 
1962, pp. 77-80. 

P re l imina ry tes ts indicate the complexing agent 
t r i e thy lene- te t ramine hexacetic acid (TTHA) is as 
effective as d ie thylene- t r iamine penta-acet ic acid 
(DTPA) when given in t raper i toneal ly . and more effec
tive than DTPA when adminis tered oral ly . 

43. COLLECTED RADIOCHEMICAL PROCEDURES. 
J . W, Barnes , N. A. Bonner, C. L. Browne, D. C. 
Hoffman, H. A. Po t ra t z , H. L. Smith. D. Warren . 
Jacob Kleinberg. AECD-3674, Sept. 10, 1954. 

Analytical p rocedures a re presented for the de te rmina
tion of Th"° . P a " \ Pu, U " ^ U " ' , Am, and Cm. 

44. THE EFFECT OF ADDITIVES AND STABILIZERS 
ON THE EXTRACTION BEHAVIOR OF U(VI) AND 
Pu(lV) NITRATES WITH TERTIARY AMINES. 
F . Baroncel l i , G. Scibona, M. Zifferero. J . Inorg. 
Nucl. Chem. I i . 205-13 (March 1963). 

The effect of the separa te p resence of ni t rous acid as 
a s tabi l izer , and a long-chain alcohol as an additive, 
was evaluated. The ni t ra te can depress or enhance the 
parti t ion coefficient depending on acidity. The additive 
has only a depress ing effect. Together at equal molar 
concentration, the coefficient is at a maximum. 

45. THE EXTRACTION OF Pu(lV) NITRATE BY LONG 
CHAIN TERTIARY AMINES NITRATES. F . Baron
cell i , G. Scibona, M. Zifferero. J . Inorg. Nucl. 
Chem. 24, 541-546 (Nov 1962). 

The acid dependence of the part i t ion coefficient of 
Pu(lV) ni t ra te into organic solutions of long-chain t e r 
t iary alphatic amine n i t ra tes is attributed to the differ
ent extraction behavior of the Pu complexes that a re 
formed in the aqueous phase at different ni tr ic acid 
concentrat ion. Of the severa l possible Pu n i t ra te com
plexes, only Pu(N03)4 and Pu(N03)6^ can undergo ex
t ract ion to a useful extent. 

46. PRECIPITATION OF PLUTONOUS PEROXIDE. 
J, G, Bar r ick , J. P, Manion. U. S. Pat . 2,996,352, 
Aug. 15, 1961. 

Hydroxylamine or hydrazine is added to the Pu-
containing solution before peroxide is added to p r e c i p i 
tate Pu. 

47 PROCESS OF ELIMINATING HYDROGEN PER
OXIDE IN SOLUTION CONTAINING PLUTONIUM. 
J . G, Bar r ick , B. A. F r i e s . U. S. Pa t . 2,954,273, 
Sept. 27, I960. 

After precipi tat ion of the peroxide of Pu, the supe r 
natant contains appreciable quanti t ies of Pu and p e r 
oxide. The peroxide can be el iminated by adding a 
ni t r i te or sulfite. 

48. AN INTRODUCTION TO THE ANALYTICAL 
CHEMISTRY OF PLUTONIUM. G. B, Bar ton . 
AECD-3531 (HW-28136), June 9, 1953. 

Valence states of Pu in aqueous solution a r e d iscussed , 
as related to those of U. The re la t ionship of actinides 
to chemis t ry of the more familiar e lements is pointed 
out briefly. The importance of these mult iple valence 
s ta tes to analytical p rocedures is d i scussed . 

49. ION COUNTING AND ACCUMULATION SYSTEM 
FOR MASS SPECTROMETRY OF VERY SMALL 
SAMPLES. APPLICATION TO URANIUM AND 
PLUTONIUM. G. W. Barton. J r . , L. E. Gibson, 
L. F . Tolman. Anal. Chem. 12, 1599-1601 
(Nov I960). 

A system has been devised to pe rmi t rapid and p rec i se 
isotopic analysis of 10"^-gram samples of U and Pu, 
and of other e lements and compounds for which beams 
of 10"^* to 10"'^ Ampere can be achieved and kept for 
severa l minutes . 

5^. CONCEPTUAL DESIGN OF PYROMETALLURGI
CAL REPROCESSING PLANT. L. Base l , J . Koslov. 
Chem. Eng. P rog r . 55, Symposium Ser . No. 27, 
97-106 (1959), 

A pyrometal lurgical reprocess ing plant, using the 
oxide-slagging method, can handle 18,000 k g / y r of en
r iched U alloy at $79/kg. P a r t i a l separa t ion of Pu 
fronn fission products is descr ibed . 

5J.. SECOND SYSTEM OF THE ARC SPECTRUM OF 
PLUTONIUM. NEW EVEN LEVELS OF THE 
I AND II SPECTRA AND THE IONIZATION PO
TENTIAL OF Pu I. J . Bauche, J . Bla i se , M. F red . 
Compt. rend. Zbl_ ( l6) , 2260-3 (1963). 

52. TECHNICAL AND EXPERIMENTAL ASPECTS OF 
METAL PRODUCTION ON THE MICROGRAM 
AND MILLIGRAM SCALE. H. L. Baumbach, S. 
F r i ed , Z. V. J a s a i t i s , P . L. Kirk. H. P . Robinson. 
P . S. Rosenfels , E. F . Wes t rum, J r . CT-3899, 
May 1946. 

Conditions, techniques, and probable mechan i sm for 
successful production of small quanti t ies of Pu a r e 
descr ibed. Five allotropic modifications of Pu have 
been shown to exist . A study was also made of the 
react ion of H and Pu. 

23 . ABSORPTION METHODS FOR THE EXTRACTION 
AND DECONTAMINATION OF PLUTONIUM. 
R. H. Beaton, P . R. F ie lds , T. J . LaChapel le . 
D. C. Lincoln, I. Sheft. CN-1373, Feb . 23. 1944. 



Investigation of a two-cycle , all adsorpt ion, ext rac t ion 
and decontaminat ion p r o c e s s for Pu continued. Use of 
Amberl i te IR-1 ext ract ion cycle is desc r ibed . 

54. COLUMBIC OXIDE ABSORPTION PROCESS FOR 
SEPARATING URANIUM AND PLUTONIUM IONS. 
R. H. Beaton. U. S. Pa t . 2,894,810, July 14. 1959. 

Pu ions in a valence not higher than four i s select ively 
absorbed by pass ing the solution over hydrated co lum
bic oxide. The Pu can be eluted with 3N n i t r i c acid. 

22- ABSORPTION OF PLUTONIUM A N D / O R FISSION 
PRODUCTS FROM AQUEOUS SOLUTION. R. H. 
Beaton. U. S. Pa t . 2,990,243. 

A p r o c e s s is desc r ibed for separa t ing Pu^ and fission 
products values contained in aqueous solution by p a s s 
ing over an adsorbent composit ion consist ing of 70-100% 
by weight Ti02 and -30% by weight b inder . The abso rb 
ent composit ion is calcined at 800 to 1000°C for not 
over 3 hours , 

56. OXIDATIVE METHOD OF SEPARATING PLU
TONIUM FROM NEPTUNIUM. L. J . Beaufait, J r . , 
U. S. Pa t . 2.838,366, June 10, 1958. 

An aqueous solution containing Pu and Np in valence 
states not g r e a t e r than +4 is contacted with d ichromate 
ions, thus oxidizing to Np to a valence state g r e a t e r 
than 4+ without oxidizing any substant ia l amount of Pu , 
and then forming a c a r r i e r prec ip i ta te which c a r r i e s 
the Pu from solution leaving the Np behind. 

27. PLUTONIUM SEPARATION METHOD. L.J. 
Beaufait, J r . , F . R. Stevenson, G. K. Rollefson. 
U. S. Pa t . 2,860,949, Nov. 18, 1958. 

Pu is r ecovered from n e u t r o n - i r r a d i a t e d U by buffer
ing a solution containing the i r r ad ia t ed m a t e r i a l s at 
pH 4-7 and adding sufficient acetate to complex the U 
and adding f e r r i c n i t ra te to form a colloid of f e r r i c , 
Pu, and fission produc ts . Remove and dissolve the 
colloid in ni t r ic acid, and oxidize the Pu to hexavalent 
s tates with permangana te or d ichromate . T rea t the 
resul tant solution to form a colloid of f e r r i c hydroxide 
and fission p roduc t s , leaving the Pu in solution. 

58. ANALYTICAL PROCEDURES FOR THE PLU
TONIUM METAL FABRICATION PROCESS. 
XI. THE DETERMINATION OF FLUORIDE. G. J . 
Behling, E. W. Chr i s topher son , L. F . Kendall . 
HW-20036, Jan. 15, 1951. 

A method good for 0.25-2.5 ;ig of fluoride in Pu is p r e 
sented. After the sample is dissolved in HCIO4 and the 
fluoride ion is separa ted by dis t i l la t ion of fluosilicic 
acid, the fluoride is de te rmined by measu r ing the in
tensity of color genera ted by reac t ion between fluoride 
and z i rconium salt of p-dimethylamino azophenyl a r 
sonic acid. 

52. CAPACITY. CONTROL, AND "TBP STEAM 
STRIPPING" TRIALS ON A SMALL EVAPORATOR. 
B, T. Bell , S. S. Gr imley . AERE-R-3508 . 
Oct I960. 

The appara tus was used for 99.9% removal of dissolved 
BU3PO4 from an acid aqueous Pu s t r e a m resul t ing from 
continuous BUJPO4 extract ion. 

60. SEPARATION OF URANIUM AND PLUTONIUM 
OXIDES. G. E. Benedict , W. L. Lyon. U. S. Pa t . 
3,011,865, Dec. 5. 1961. 

A method of separat ing a mix ture of UO2 and PuO; is 
given which connprises immers ing the mix tu re in a 
fused NaCl-KCl bath, chlorinating with chlor ine or 
phosgene, and preferent ia l ly e lect rolyt ical ly or chem
ically reducing the UOjCl; so produced to UO2 and 
filtering it out. 

M . THE SALT CYCLE PROCESS. G. E . Benedict , 
W. L. Lyon, L. K. Mudge, J . L. Swanson, M. T. 
Walling, J r . HW-SA-1936, Aug I960. 

The salt cycle p r o c e s s is a nuclear fuel p rocess ing 
approach designed for application in compact facil i t ies 
located at reac tor s i t e s . Means a r e descr ibed for s e p 
arat ion of Pu from U and for codeposit ion of the two. 

62 .̂ FORMATION OF HIGHER ISOTOPES AND HIGHER 
ELEMENTS BY REACTOR IRRADIATION OF 
PLUTONIUM-239; SOME NUCLEAR PROPERTIES 
OF THE HEAVIER ISOTOPES. W. C. Bentley, 
H. Diamond, P . R. F ie lds , A. M. F r i e d m a n , J . E. 
Gindler, D. C. Hess , J . R. Huizenga, M. G. Inghram, 
A. H. Jaffey, L. B. Magnusson, W. M. Manning, 
J . F . Mech, G. L. Py le . R. Sjoblom, C. M. Stevens, 
M. H. Studier . In P r o c . Intern. Conf. Peaceful 
Uses Atomic Energy, Geneva, 1955, 1_, 261-73, 
United Nations, New York, 1956. 

Thermal neutron, capture c ro s s sec t ions , and fission 
c r o s s sect ions a r e given. P lo ts a r e p resen ted for 
var ious aspects of long- te rm i r rad ia t ion on Pu, in
cluding those relating to productivity on breeding rat io 
for fuel nucl ides . The uses of some of the nucl ides as 
neutron sources a re d i scussed . 

63. THE HANDLING OF PLUTONIUM HEXAFLUO
RIDE. P . Be ra rd . CEA-2123. 1962. 

The problem of plutonium hexafluoride instabil i ty is 
d i scussed . A means of detecting Pu^^' in a me ta l l i c 
appara tus by g a m m a - r a y counting was developed; the 
sensit ivity is of the o rde r of half a mi l l i g r am, but the 
prec is ion is very low (about 50%). 

64.. DETERMINATION OF BISMUTH IN PLUTONIUM-
BISMUTH SOLUTIONS. K. S, B e r g s t r e s s e r . 
LA-1315, Sept. 15, 1951. 

Pu is removed by a peroxide precipi ta t ion, and the 
bismuth subsequently precipi ta ted with sodium carbon
ate. Final ignition of the bismuth is as a phosphate . 

65. THE DETERMINATION OF CADMIUM IN 
PLUTONIUM-CADMIUM SOLUTIONS. K. S. B e r g 
s t r e s s e r , E. H. Rex. LA-1314, Sept. 15, 1951. 

The Pu is separa ted as the insoluble peroxide , evapo
rating the alloy containing the Cd, and weighing the 
la t ter as a sulfate. 

66. SPECTROPHOTOMETRIC DETERMINATION OF 
MICRO QUANTITIES OF CHLORIDE IN PLUTO
NIUM METAL. K. S. B e r g s t r e s s e r . LA-2921. 
May 1963. 

Separa t ion from Pu meta l is accompl ished by heating 
samples of Pu meta l at 900-1000°C in a s t r e a m of 



argon saturated with water at 85°C. The HCl gas is 
absorbed in an alkaline absorbing solution. Reagents 
a re added to form colored fe r r i c thiocyanate complex 
in an amount equivalent to the chlor ide . 

67_. ELECTROANALYSIS OF COBALT. NICKEL. AND 
COPPER IN PLUTONIUM SOLUTIONS WITH A 
MERCURY CATHODE. K, S. B e r g s t r e s s e r . 
LA-I064, Feb . 3, 1950. 

Equipment and analytical p rocedures a r e descr ibed 
for the analysis of Co. Ni, or Cu in the p resence of Pu 
by electrodeposit ion on a me rcu ry cathode. Only sub
m i c r o g r a m quantities of Pu remain in the amalgam 
formed. The analysis of some binary alloys of these 
nnetals a r e descr ibed. 

68. SPECTROPHOTOMETRIC DETERMINATION OF 
LANTHANUM IN PLUTONIUM. K. S. Berg 
s t r e s s e r . Anal. Chem. 20, 1630-2 (1958). 

La in Pu samples can be determined by formation of 
Pu(VI) in a perchlor ic acid solution of the sample and 
precipitat ion of La with HF. The fluoride precipi ta te 
is dissolved in fuming HCIO4, and La is precipi ta ted 
with 8-quinolinol, The La oxinate is dissolved in O.IN 
hydrochloric acid and read at 365 mu. The range is 
40 to 200 7 of La. 

b9_. COMPARISON OF DIRECT EVAPORATION AND 
LANTHANUM FLUORIDE METHODS FOR PLU
TONIUM RADIOCHEMICAL ANALYSIS. K. S. 
B e r g s t r e s s e r , R. M. Bradford. LA-1082, 
March 16, 1950. 

The direct evaporation procedure involved little or no 
separat ion of Pu from other sample components. This 
procedure is sat isfactory when no nnore than 300 jj.g of 
salt or other nonvolatile substances a re contained in 
sample t r ans fe r r ed to plate . E r r o r s due to salt ab
sorption of alpha par t ic les were determined for a 
s e r i e s of 16 salts of varying concentra t ions . For the 
sal ts that were studied, e r r o r s could not be predicted 
on the basis of the equation proposed by Bradford, 
Rober ts , and Wahl. 

70. E F F E C T OF PLUTONIUM ON THE FLUORO
METRIC DETERMINATION OF URANIUM. 
K. S. B e r g s t r e s s e r . LA-1707, July 1954. 

A method for determining m i c r o g r a m quantit ies of U 
in presence of Pu is investigated. F luoresence is 
measu red in chilled solutions of sulfuric acid. No Pu 
interference was observed due to f luoresence. Limited 
t ransmi t tance of hexavalent plutonium at 5 13 and 
360 mu produces var iable negative e r r o r s . 

2 i . DETERMINATION OF RUTHENIUM IN PLUTO
NIUM. K. S. B e r g s t r e s s e r . LA-2025, March 1956. 

An analytical p rocedure for 0.04 to 1.67o Ru in Pu metal 
was developed. Dissolved samples were t r ans f e r r ed 
as chlorides to a special g lass still for separat ion of 
Ru as the tetroxide by dist i l lat ion from boiling p e r 
chloric acid. Ru is spectrophotometr ical ly determined 
at 620 mu using thiourea as a color reagent . 

72. DETERMINATION OF TITANIUM IN PLUTONIUM-
TITANIUM ALLOYS. K. S. B e r g s t r e s s e r . Anal. 
Chem. 29, 532 (1957). 

Ti can be determined by adding hydrogen peroxide to 
an HCIO4 acid solution of the sample . A colored solu
tion with Ti and a prec ip i ta te of Pu a r e formed s imul 
taneously. The insoluble Pu peroxide is removed by 
centrifuging before the t i tanium peroxy complex is 
m e a s u r e d co lor imet r ica l ly . A s tandard deviation of 
2 7 is observed for samples containing 50 to 500 7 of 
Ti and 50 mg of Pu. Th does not in t e r f e re , but U and 
Nb do. 

22 . DETERMINATION OF THORIUM IN PLUTONIUM-
THORIUM ALLOYS. K, S. B e r g s t r e s s e r , M. E. 
Smith. LA-1839 (Del.), Sept 1954. 

Th was used as a reagent in determining Th in P u - T h 
in the range 0.01 -0.87o. Absorbance values were mea
sured at 545 mu in the p re sence of Pu(IIl). Average 
r ecove r i e s for Th were 99-6 ± 1.57o. Fo r smal l 
amounts of Th,a separa t ion from Pu was nnade by p r e 
cipitating Th as a fluoride using La as a c a r r i e r , 

74. DETERMINATION OF ZIRCONIUM IN 
PLUTONIUM-ZIRCONIUM ALLOYS. K. S. Berg 
s t r e s s e r . LA-1463. Sept. 5. 1952. 

Binary alloys of Pu and Zr were brought into solution 
by a bisulfate fusion and Zr prec ip i ta ted with 
p-bromomandel ic acid. Zr was de te rmined as Z r O ; 
after ignition at 925°C. The range of s tandard deviation 
of quadruplicate determinat ions was 0.5-1.7 par t s per 
thousand for samples containing 9-15 mg of Z r . Mo, 
La, Pu(lll) , and KzCrzO, do not in te r fe re . Pu(lV) does 
in terfere slightly. Complete recovery was shown by 
the 95% confidence l imi ts of 99.9 ± 3% for the average 
of four de te rmina t ions . Pu(lll) in snnall amounts does 
not in terfere with the co lo r ime t r i c de te rmina t ion of 
z i rconium by means of zirconiunn a l i za r in sulfonate 
lake. 

22. SPECTROPHOTOMETRIC STUDIES OF PLUTO-
NIUM(IV) AND (VI) NITRATES IN METHYL 
ISOBUTYL KETONE. M. G. Berkman . L. Kaplan. 
Argonne National Labora tory . ANL-4573, Jan 1951. 

Changes in spec t ra of Pu(IV) solutions in hexone upon 
addition of te t rabutyl ammonium n i t ra te a r e caused by 
the formation of the stable hexani t ra te complex 
Pu(N03)6 . The s imi lar i ty of the spectrunn of this com
plex to that formed in the 1 IM HNO3 confirnns its exist
ence. Pu(VI) n i t ra te , like uranyl n i t r a te , is converted 
to a t r in i t ra te complex by TBAN in hexone. The Pu 
complex is about as stable as the U complex. 

26.. STUDIES ON THE EXTRACTION OF METAL 
COMPLEXES. XXVIII. THE DISTRIBUTION OF 
SOME ACTINIDES AND FISSION PRODUCTS BE
TWEEN TRIBUTYL PHOSPHATE (TBP) AND 
AQUEOUS SOLUTIONS OF HNO3 AND Ca(N03)2. 
B. Be rns t rom, J . Rydberg. Acta Chem. Scand. U, 
1173-82 (1957), 

The distr ibution ra t ios of U "̂̂ , Pû "*", Pu^^. Th**"̂ , Ru, 
Zr , Nb , La^ , Sr^ , and Câ "*" between t r ibutyl 
phosphate (TBP) and aqueous solutions of varying con
centrat ions of HNOj have been de te rmined at room 
t empera tu re for different (constant) concent ra t ions of 
Ca(N03)2 in the aqueous phase . 



22. TECHNIQUE OF PREPARATION OF PLUTONIUM 
SCREENS FOR SOFT X-RAY SPECTROGRAPHY. 
L. de B e r s u d e r . CEA-2338, 1963. 

Thin films of Pu sandwiched between Al films were 
obtained. 

2£. DETERMINATION BY ALPHA SPECTROMETER 
OF P u " ' IN A SPECIMEN OF IRRADIATED NAT
URAL URANIUM. R. Ber t r and . J . Nucl. Energy . 
P t s . A and B. Reac to r Sci. and Technol . 24, 
49-50 (April 1961). 

A sample after exposure to an in tegra l flux is dissolved 
in acid and deposited in a thin film on s ta in less s teel 
plaques. The amount of Pu^^' is found from the alpha 
spec t ra of the sample using U^" and U"^ as in ternal 
s tandards . The method is efficient in the range Pu^^ ' / 
U^'^ intensity ra t ios from 0.1-1,0 . The method may 
also be used to find depth dependence of Pu^^' fo rma
tion in cyl indrical b a r s , 

2 i . TRI-n-BUTYL PHOSPHATE AS AN EXTRACTING 
SOLVENT FOR INORGANIC NITRATES - III. THE 
PLUTONIUM NITRATES. G. F . Bes t , H. A. C. 
McKay, P . R. Woodgate. J . Inorg. Nucl. Chem. ±, 
315-20 (1957). 

Pu(lV) and (VI) a re readily ex t rac tab le , whereas Pu{lll) 
is relat ively inext rac tab le . Uranyl n i t ra te is 10-fold 
more ext rac table than plutonyl n i t r a t e . Solvates formed 
appeared to be Pu(N03)4-2TBP and Pu02(NOj)2-2TBP. 
Salting out with sodium ni t ra te resu l ted in a marked 
increase in ext ract ion. Uranyl n i t ra te d e p r e s s e d 
extract ion. 

80. SOME OBSERVATIONS ON THE EXTRACTION OF 
NITRIC ACID. URANIUM, AND PLUTONIUM BY 
TRI-ISONONYLAMINE. U. Ber tocc i . 
AERE-R-2933 , May 1959. 

The reagent was used with xylene as a diluent. Some 
exper iments were also done on back ext ract ion of Pu 
from the organic phase by reduction to the t r iva lent 
s ta te . 

21 . PLUTONIUM-PROPERTIES AND POTENTIAL 
USES IN NUCLEAR POWER REACTORS. W. F . 
Biddle. Metal Ind. 91 , No. 14, 293-6 (1957). 

Headings of this paper a r e as follows: Introduction, 
His tor ica l , Ext rac t ion , and P r o p e r t i e s . 

82.. ANALYTICAL PROCEDURES FOR THE PLUTO
NIUM METAL FABRICATION PROCESS, VII. 
THE CUPFERRON EXTRACTION-COPPER 
SPARK METHOD. T. K. Bier le in , L. F . Kendall , 
H. H. Van Tuyl. HW-25074, July 25, 1952. 

Pu{lll) or (IV) is separa ted from impuri ty e lements by 
extracting the cupferr ide with chlorofornn. The aqueous 
phase is evaporated, along with Co in te rna l s tandard , 
and placed on Cu e lec t rodes that a r e sparked to produce 
the impuri ty spectrunn. The amounts of impur i t i e s a r e 
deternnined by compar ing the densi t ies of impuri ty 
lines with s t anda rds . 

83. HAZARDS AND EXPERIMENTAL PROCEDURE 
EVALUATION FOR: STUDIES ON THE POLY-
MERICATION AND HYDROLYSIS OF PLUTONIUM 
IN URANYL NITRATE AND NITRIC ACID 
SOLUTIONS AT ELEVATED TEMPERATURES. 
R. E . Biggers , D. A. Costanzo. ORNL-TM-580 . 
May 22, 1963, 

The polymerizat ion of Pu is briefly reviewed and an 
exper imenta l p r o g r a m that will provide some data on 
the polymeriza t ion of the Pu in the U02(N03)^-MN03 
sys tem is d i scussed . 

84. MEASUREMENT OF ATMOSPHERIC CONTAMI
NATION BY "DOUBLE MANDARIN." F . Bi l la rd , 
M i r i b e l a n d J . P r a d e l . CEA-2085, 1961. 

To check the radioactivi ty of the a i r in l abo ra to r i e s 
where Pu is handled, an appara tus known as "Double 
Mandarin" was devised. This ins t rument d is t inguishes 
Pu dusts from those that c a r r y na tura l active deposi ts 
by making use of the granulomet r ic difference. The 
separat ion is based on the use of select ive f i l ters 
placed in s e r i e s . 

22. THE SPECTROGRAPHIC ESTIMATION OF 
MAJOR-CONSTITUENT PLUTONIUM BY THE 
IRON FLUX METHOD. F . T. B i r k s . 
A E R E - C / R - 2 0 8 1 , Dec 1956. 

Pu has been es t imated in solids using a dc a r c on 
Cu e lec t rodes after making a dilution of a sample with 
a flux consist ing of fer r ic and ammonium sulfates . 
The concentrat ion range was 0.5-1007o, with a coeffi
cient of variat ion of 6.6% at the 507o level . The index 
point of equal intensity for the intensity ra t io of 
Pu 2904.3 and Fe 2901.4 was found at 42.2% PuOj. 
Es t imat ion of major common impuri ty e lements may 
be c a r r i e d out s imultaneously with the Pu . 

26 . METHOD AND MEANS FOR ELECTROLYTIC 
PURIFICATION OF PLUTONIUM. C. W. Bjork
lund, R. Benz, W. J. Maraman , J. A. L e a r y , 
K. A. Walsh. U. S. Pa t . 2,923.670, Feb . 2, I960. 

A method of e lectrodeposi t ing pure Pu from a fused 
salt e lect rolyte of PuClj and alkali meta l hal ides is 
desc r ibed . When an Fe cathode is used, the Pu de
posit alloys therewith in the liquid state at the 400-
600°C operat ing t e m p e r a t u r e ; such liquid is allowed 
to drop through holes in the cathode and collect in a 
Ta cup. 

22 . THE PREPARATION OF PuPjO, AND PUPO4. 
C. W. Bjorklund. J . Am. Chem. Soc. 79, 6347-50 
(1957). 

Monoclinic PUPO4 was p repa red by h i g h - t e m p e r a t u r e 
dehydrat ion of PUPO4 x HjO, or by decomposi t ion of 
oxalato-phosphate of Pu where the ra t io of P to Pu 
was 1:1. The rat io for P U P J O T was 2:1 . 

88. REMOVAL OF FISSION PRODUCTS FROM HIGH 
LEVEL RADIOACTIVE WASTE SOLUTIONS. 
R. E. Blanco, J . T. Rober t s . C F - 5 9 - 1 - 3 2 , 
March 30, 1959. 

Severa l methods a r e suggested for removing rad io 
active was te . The methods were linnited he re to 
s m a l l - s c a l e engineering t e s t s . Emphas i s has been 
placed on removal of Sr^°, C s ' " , and long- level isotopes 
of Pu, Cm, and Am. 



89 THE SOLUBILITY OF PLUTONIUM SALTS IN 
" AQUEOUS SOLUTIONS UP TO 300°C, B . C . Blanke, 

E. N. Bousquet, R. H. S te inmeyer . TID-12161, 
March 10, 1961. 

Pu solutions were studied to de te rmine if a salt could 
be found that was sufficiently soluble in aqueous solu
tion to be used as an aqueous homogeneous fuel. 

90. IRRADIATION OF PLUTONIUM FUELS; A SE-
" ' LECTED BIBLIOGRAPHY. M. Bloomfield. 

NAA-SR-Memo-6271, April 13. 1961. 

A bibliography on data pertaining to the i r r ad ia t ion of 
Pu and Pu al loys, d i spe rs ions , and compounds is p r e 
sented. Information is also presen ted on physical 
p roper t i es , production, p repara t ion , and r ep rocess ing 
nnethods. 

91 DENSITY MEASUREMENTS IN GLOVE BOXES 
~ ' WITH DENSITY DATA ON MONOBROMOBENZENE, 

CAST Th, Th-U, AND Th-Pu ALLOYS. B. Blumen-
thal. ANL-6671, Sept 1963. 

Techniques are described that enable density de t e r 
minations to be made by the hydrosta t ic weighing 
method to ±0.005 g /cc , an improvement by an o rde r of 
magnitude over pr ior p rocedu re s . The most signifi
cant variable is the t empera tu re of the liquid used, 
PhBr; the liquid t empera tu re is seldom the same as 
that of the glove-box a tmosphere . 

22 . THE SEPARATION OF SUB-MICROGRAM 
AMOUNTS OF URANIUM FROM MILLIGRAM 
AMOUNTS OF IRON, ALUMINUM AND PLUTO
NIUM. D. G. Boase, J. K. Fo reman . Talanta 2-
187-90 (April 1961), 

The sample is mixed with a strong hydrochlor ic acid 
solution containing hydroiodic acid and passed through 
a column of anion-exchange res in . Only the U is r e 
tained on res in , and it can be eluted with dilute HCL, 

23. IN THE COMPLEXOMETRIC DETERMINATION 
OF PLUTONIUM IN REACTOR FUEL PROCESS
ING PLANT SOLUTIONS, I. NITRIC ACID 
SOLUTIONS OF IRRADIATED URANIUM. D. G. 
Boase, J . K. Foreman , J. L. Drummond. 
Talanta 2 , 53-63 (Jan 1962). 

Pu(IV) is extracted by using the quaternary amine 
Hyamine 1622 dissolved in benzene. The benzene is 
removed by evaporation, and after dissolution of the 
residue in acetone, an excess of e thylenediaminete t ra-
acetic acid (EDTA) is added, and the uncomplexed 
EDTA determined by photometric t i t ra t ion using s tand
ard zinc chloride solution and dithizone as an indicator . 

94. MICROVOLUMETRIC ASSAY OF PLUTONIUM. 
H. E. Boaz. LA-507, May 10, 1946. 

Plutonium sulfate in 2N H2SO4 is reduced to Pu"*"̂  with 
Zn amalgam under a CO; a tmosphere and is t i t ra ted 
potentiometrically to Pu"*"* with ce r ic sulfate. An accu
racy of 0.1% is obtained in the range of 2-10 mg. 

22- THE M EMISSION SPECTRUM OF X-RAYS OF 
PLUTONIUM. J. L. Bobin, J. D e s p r e s . Compt. 
rend. 222, 1302-4 (Feb. 27, 196l). 

A large par t of the M emiss ion spec t rum of Pu was 
examined by means of a Castaing mic roana lyze r . 

Exper imenta l evidence points to sa te l l i te groups accom-

panying the more intense r a y s . 

96 A STUDY OF THE DEPOSITION AND RETENTION 
~ OF PLUTONIUM DIOXIDE IN RATS. B . B . B o e c k e r . 

TID-15685, 1959. 
Four groups of six, 150- to 175-g female r a t s were ex
posed for 45 min to a PuOj suspension. The activity 
range was 65-89 d i s / m i n / c c for the four exposure 
r u n s . Severa l var ia t ions of a Pu analyt ical method, 
using the d i rec t mixing of the t i s sue digest solution and 
s i lver -ac t iva ted ZnS, were studied. 

9 1 ON THE ISOLATION OF PLUTONIUM BY A SOL
VENT EXTRACTION PROCEDURE. D, H. W. den 
Boer, Z. I. Dizdar . JENER-45 , Oct 1956. 

For the final purification TBP, didecyldimethyl-
ammonium ni t ra te , thenoyltr i f luoroacetone, and an 
anion exchanger were t r i ed . The las t two compounds 
gave best r e s u l t s , 

98 MICROCALORIMETRIC QUANTITATIVE ANAL
YSIS OF A MIXTURE OF PLUTONIUM-239 AND 
PLUTONIUM-240. P . Boivinet, E, Calvet , 
Y . O z i a s . Compt. rend. 254, 2964-6 
(April 16, 1962). 

The E, Calvet m i c r o c a l o r i m e t e r was used to analyze a 
mix ture of Pu"^ and Pu^^° in the form of the oxide PuOg, 
sealed in cyl inders of i r r ad ia ted plat inum. 

99. COMPARISON BETWEEN SPECTRA OF INSTANT 
SPONTANEOUS NEUTRON FISSION OF P u " ° AND 
INDUCED FISSION OF Pu" ' ' . V. I. Bol 'shov, 
L. D. Gordeeva. V. F . Kuznetsov, G, N. Smirenkin, 
Fiz Deleniya At. Yader , Sb. Statei , 127-33, 1962. 

The difference in excitation energies for the compound 
nuclei was 6.3 MeV. 

100. CONCENTRATION OF PLUTONIUM BY CATION 
EXCHANGE. P A R T I , NEW ELUTRIANTS. 
O, D. Bonner, G. A. Burney, F . W. Tober . 
DP- 192, Dec 1956. 

Over 997o of the total Pu absorbed on a cation res in 
was eluted at an average concentrat ion of 43.8 g per 
l i ter by a solution of ammonium lactace plus ammo
nium sulfonate. This elutr iant does not evolve gases in 
the res in bed. 

101. RECENT DEVELOPMENTS IN LIGHT SOURCES 
EXCITED BY MICROWAVES. L. Bovey, H. Wise, 
AERE-R-2976, July 1959. 

A cavity resona tor type of exci ter gives intense spect ra 
of U and Pu without an auxi l iary furnace when tubes 
containing the iodide a re used. 

102. A FURNACE FOR OBTAINING OPTICAL SPEC
TRA OF RADIOACTIVE ELEMENTS. L. F . H. 
Bovey. J. Sci. Ins t r . 3Z, 376-8 (Oct 1955). 

The construct ion and operat ion of a King-type furnace 
for exciting spec t ra a r e desc r ibed . Both emiss ion and 
absorption spec t ra for U and Pu have been observed 
within the range 2400-7000 A in the second o r d e r of a 
3M grating spec t rograph. 



103. THE OPTICAL SPECTRA OF SOME RARE 
EARTH AND TRANSURANIC ELEMENTS IN THE 
1-3 MICRON REGION. PART II. WAVELENGTH 
MEASUREMENT AND THE SPECTRUM OF 
PLUTONIUM(Pu" ' ) . L. Bovey, E . B. M. S t e e r s , 
N. Atherton. AERE-R-2977 , Oct 1959. 

A method for measur ing and comparing the wave
lengths of the Pu l ines in the 1-3 u region is given, 
together with an indication of the exper imenta l accu
racy . Wavelengths and in tens i t ies for Pu l ines a re 
l is ted. 

104. GROUND STATE OF THE FIRST SPECTRUM OF 
PLUTONIUM(Pu I) FROM AN ANALYSIS OF ITS 
ATOMIC SPECTRUM. L. Bovey, S. Gers tenkorn . 
J . Opt. Soc, Am. 2 1 . 522-5 ( l 96 l ) . 

Data from King furnace work and hyperfine s t ruc tu re 
and Zeeman studies on the spec t ra of Pu I have r e 
sulted in the derivat ion of th ree levels of the 7F t e r m . 
It is suggested that this t e r m a r i s e s from the ground-
state e lec t ronic configuration 5f 7S . 

• 125. A SURVEY OF THE PLUTONIUM SPECTRA IN 
THE 7,000- 10,000 A REGION. L. Bovey, 
M. C. J . Ba rke r , A. Ridgeley. A E R E - R - 3 5 I 5 , 
Nov I960. 

Wavelengths for the s t ronger l ines in the 7,000-
10,000 A region of the Pu spec t rum emit ted from a 
microwave-exc i ted e lec t rode l ess d i scharge a re l i s ted . 

106. EMISSION AND ABSORPTION SPECTRA OF 
PLUTONIUM EXCITED IN A KING FURNACE. 
L. Bovey. Spect rochim. Acta 10, 383-94 (1958). 

Wavelengths of Pu absorpt ion and emiss ion lines ex
cited in a King-type furnace and photographed in the 
second o r d e r of a 3M grat ing ins t rument over the r e 
gion 2791-6888 A a re l i s ted . 

107. PROCESSING OF UC - PuC WITH TRIBUTYL 
PHOSPHATE. D. F . Bowersox. LAMS-2884, 
Feb . 4, 1963. 

A method for dissolut ion of ca rb ides and separa t ion of 
U and Pu by solvent ext rac t ion from a salted n i t ra te 
system using t r ibutyl phosphate is given. 

108. SEPARATION OF NEPTUNIUM AND PLUTONIUM 
FROM IRRADIATED URANIUM. E. B r e t s c h e r , 
N. Fea the r , H. V. Halban, L. Kowarski , Br i t i sh 
Pa t . 854,818, Nov. 23, I960. 

Np and its decay product , Pu, a r e separa ted from a 
U02(NO3) •6H20-MeCOEt solution by pre fe ren t ia l ad
sorption on charcoa l , by d isplacement of an aqueous 
phase, and by extract ion with NH4NO3 solution. 

109. SEPARATION AND DETERMINATION OF MICRO
GRAM QUANTITIES OF ZIRCONIUM. C. E . 
Br i cke r . G. R. Waterbury . Anal. Chem. 22, 
558-62 (1957). 

This p rocedure can contain a wide var ie ty of meta l l i c 
ions without in t e r fe rence . Zr is separa ted by p r e c i p i 
tation with p -b romomande l i c acid and subsequently de
t e rmined , using the color reac t ion with chlorani l ic acid. 
The method was specifically developed for Zr in Pu 
alloys but has been extended into a genera l p rocedure 
for the separa t ion and de te rmina t ion of m i c r o g r a m 
amounts of Z r . 

110. MEASUREMENT OF BODY RADIOACTIVITY. 
Br i t i sh Journ . Radiol . , Suppl. 7, 130 (1957). 

Record of conference at Leeds , England. April 1956. 

111. SEPARATING PLUTONIUM. Br i t i sh Pa t . 765.924, 
Jan. 16, 1957. 

An improved p r o c e s s is descr ibed for separa t ing Pu 
from a mix ture of U and fission products including Zr 
and Nb. The method involves adding Bi and Z r sa l t s 
as c a r r i e r s , converting the me ta l s to phosphates , and 
leaching out the Bi phosphate with 1 ± 0.2N HCl and the 
Pu phosphate with 9N HCl. 

112. RECOVERY OF PLUTONIUM FROM SOLUTIONS. 
Br i t i sh Pat . 783,601, Nucl. Eng. 1 , No. 24, 136 
(1958). 

The method consis ts of removing Pu from solutions 
containing it in a lower oxidation state than the hexa
valent form by t rea t ing the solution with a fluoride of 
low solubility in water and which has the proper ty of 
absorbing Pu. The absorbed Pu is then removed by 
t r ea tmen t with a soluble oxalate , carbonate , or 
b icarbonate . 

113. SEPARATION OF PLUTONIUM. Br i t i sh Pat . 
798.685. Nucl. Eng. ±, 146, 1959. 

Pu, in low i r rad ia ted U dissolved in n i t r ic acid, is ex
t rac ted by precipi ta t ing the Pu as a phosphate with 
bismuth phosphate as a c a r r i e r . 

114. RECOVERY OF PLUTONIUM. Br i t i sh Pa t . 
810,541, March 18, 1959. 

The U and Pu, along with fission products in ni t r ic 
acid, a r e oxidized with K2Cr207 and then prec ip i ta ted 
by adding Na and Mg ace t a t e s . This prec ip i ta te is 
f i l tered, washed, and dissolved in ni t r ic acid. The Pu 
is selectively reduced with NaHSOj, and UOj"*" is p r e 
cipitated by a second acetate addition. The f i l t ra te 
containing the Pu is oxidized, and a smal l amount of U 
is added for a c a r r i e r for another aceta te prec ip i ta t ion . 

115. PROCESS FOR THE PURIFICATION OF P L U -
TONIUM SOLUTIONS. Br i t i sh Pa t . 826,910, 
Jan. 27, I960. 

Pu is absorbed on zirconiunn phosphate, ba r ium iodate, 
or zeol i te . F i s s ion products were eluted from the z i r 
conium phosphate with O.IM H3PO4 and 2M HNO3. The 
Pu was removed with 7M HNO3. 

116. IMPROVEMENTS IN OR RELATING TO METHODS 
OF SEPARATING PLUTONIUM. Br i t i sh P a t . 
831,862, April 6, I960. 

Pu(IV) is r ecovered from ni t ra te solutions by t r e a t 
ment with a fe r r i c salt in the p re sence of aceta te ions 
at pH 4.8-5.1 to prec ip i ta te bas ic fe r r i c aceta te and 
c a r r y down the Pu . 

117. SEPARATION OF PLUTONIUM AND ALUMINUM 
FROM ALUMINUM ALLOY FUEL RODS. Br i t i sh 
Pat . 833,720, April 27, I960. 

Pu and Al a r e recovered without excess ive waste from 
exhausted Al-Pu-a l loy n u c l e a r - r e a c t o r fuel rods by 
heating at 1200-1450° in a vacuum to a constant weight. 
This res idue is suitable for alloying with fresh Al to 
produce new fuel r o d s . 



118. SEPARATION OF PLUTONIUM. Br i t i sh Pa t . 
839,190, June 29, I960. 

A nnethod is p resen ted for separat ing Pu from other 
substances by absorbing the Pu from solution on z i r 
conium phosphate or bar ium iodate. 

119. SEPARATION OF URANIUM. PLUTONIUM, AND 
FISSION PRODUCTS. Bri t i sh Pa t . 840,105, 
July 6, I960. 

U and Pu compounds a r e extracted into bis (butoxy-
ethyl) e ther , methyl iso-butyl ketone, or ethylene 
glycol di-butyl ether with 987o recovery and substan
tially free of fission products . 

120. SEPARATION OF PLUTONIUM, Bri t i sh Pa t . 
842,591. July 27. I960. 

A process is descr ibed for separat ing Pu from U and 
fission products by the precipi tat ion of the reduced Pu 
with bismuth phosphate. The Bi is added in a solution 
that is 5- lOM in ni t r ic acid to a Pu solution that con
tains phosphate ions. 

121. SEPARATION OF PLUTONIUM. Br i t i sh Pat . 
843,481. Aug. 4, I960. 

A method for separat ing Pu from solutions of i r r a 
diated U by LaF3 c a r r i e r is given. The formation 
and settling ra te of the c a r r i e r is innproved by co
precipi tat ion of PbS04. This method flocculates p r e 
formed LaF3 bet ter than coformed LaF j . 

122. PROCESS OF OXIDIZING PLUTONIUM. Bri t i sh 
Pa t . 847,641, Sept. 14, I960. 

Pu(lII) and Pu(IV) in solution are easily oxidized to 
Pu with Ag"*̂ .̂ The oxidizing solution is p repa red by 
dissolving AgO or Ag(ll) peroxy n i t ra te (O.IM) in a 
cold solution which is 9N HNO3 and 0.4N AgNOj. Oxi
dation is about 98% complete in one minute . 

123. PLUTONIUM CHELATE COMPOUNDS. Br i t i sh 
Pat . 849,651, Sept. 28, I960. 

P rocedures a re descr ibed for the synthesis of chelate 
compounds of t r ivalent quadrivalent , or sexivalent Pu 
and /3 diketones. such as BZrCHj, 3. 5-heptanedione, 
and acetylacetone. These chelate compounds may be 
used to remove Pu from the aqueous solution of Pu 
and U fission products . 

124. SEPARATION OF PLUTONIUM. 
Bri t i sh Pat . 852,151. 

Separation of Pu from U by dissolution in ni t r ic acid 
and adsorption on bismuth phosphate precipi ta t ion may 
be facilitated by reduction of Pu and removal of ex
cess HNO3 with a reagent, formic acid. Use 1.5 moles 
formic acid per mole HNO3 at 75-90°C. Pu may also 
be adsorbed on Amberl i te IR- 1 when acid is reduced 
below 0.5N. 

125. SELECTIVE ADSORPTION OF PLUTONIUM BY 
GROUP IV METAL PHOSPHOSILICATE COM
PLEXES. Bri t i sh Pa t . 852,501, Oct. 26, I960. 

Pu is selectively adsorbed from solutions containing U 
and fission products by a complex (R3(P04) ) -

(RSi04)y-(Si02nH20)^, in which R = Ti, Zr , Hf, or Th, 
and n depends on degree of drying. 

126. BISMUTH HYDROXIDE METHOD FOR RECOVERY 
OF PLUTONIUM. Br i t i sh Pa t . 853,311, 
Nov. 2, I960. 

A method for the recovery of Pu from i r r ad i a t ed U is 
outlined in which bismuth hydroxide prec ip i ta t ion is 
used, following the usual bismuth phosphate p rec ip i t a 
tion method. It will c a r r y Pu in ei ther the reduced or 
oxidized s ta te . 

127. IMPROVEMENTS IN OR RELATING TO S E P 
ARATION OF URANIUM AND PLUTONIUM. 
Bri t i sh Pa t . 855,853, Dec. 7, I960. 

Separation is accomplished by volati le f luorides using 
BiF3 or ClFfc in the p resence of a compound of a r s e n i c , 
antimony, or bismuth, and the resul t ing UF^ vapors 
a re collected. 

128. PROCESS FOR THE REDUCTION OF PLUTO
NIUM. Br i t i sh Pa t . 862,352, March 8, 1961. 

A method for the reduction of Pu(lV) to (III) is given 
that can be applied to the separa t ion of Pu from U. 
The reduction is c a r r i ed out with ascorb ic acid, and in 
the separat ion p rocedure , an organic solution of uranyl 
and Pu(lV) n i t ra tes is contacted with an aqueous a sco r 
bic acid solution. The ascorbic acid should be 1.5 to 
15 moles per mole of plutonium n i t r a t e . 

122. PLUTONIUM EXTRACTION PROCESS. Br i t i sh 
Pat . 880,919. Oct. 25, 1961. 

The essence of the method is the ext ract ion of Pu in 
the 4+ oxidation state from an aqueous HNOj solution 
of at least 7M acidity into an organic solution of an 
alphatic secondary amine and thereaf ter str ipping the 
Pu from the organic phase with a dilute HNO3 solution. 

130. PLUTONIUM CONCENTRATION AND DECON
TAMINATION METHOD. Br i t i sh Pa t . 881,151, 
Nov. 1, 1961. 

A p rocess is outlined for concentrat ing the decontami
nation Pu fronn an aqueous HNO3 solution containing Pu, 
U, and fission products . The p r o c e s s c o m p r i s e s ad
justing the solution to 0.15 to 0.5N HNO3, converting 
the Pu to Pu ' ( reductant-hydroxylamine sulfate), con
tacting the solution with a cation exchanger (Dowex-50), 
and eluting the adsorbed Pu with a ^ 4M HNOj eluant 
containing a holding reductant (sulfonic acid). 

131. PROCESS FOR THE SEPARATION OF PLUTO
NIUM. Br i t i sh Pa t . 897,261, May 23, 1962. 

A process is outlined for separat ing radioact ive e l e 
ments from Pu in i r r ad ia ted U. The p r o c e s s conn
p r i s e s fornning an acid solution of the I r r ad ia t ed U 
with a pH of 2 or l e s s , precipi ta t ing plutonous iodate, 
dissolving the prec ip i ta te in acid, oxidizing the Pu to 
the hexavalent s ta te , and precipi tat ing an insoluble 
iodate to leave a supernatant plutonyl iodate solution. 

132. SEPARATION OF PLUTONIUM. 
Br i t i sh Pa t . 902,741. Aug. 9. 1962. 

A p rocess is outlined for separat ing Pu. E.G., from 
i r rad ia ted U. The p rocess involves the usual forma
tion of a LaF j precipi ta te c a r r i e r under reducing con
dit ions, except that the hydrogen ion concentrat ion is 
adjusted to a value approaching neutra l i ty to improve 
the cha rac t e r i s t i c s of the p rec ip i ta te . 



133. IMPROVEMENTS IN OR RELATING TO P L U 
TONIUM EXTRACTION. Br i t i sh Pa t . 945.184, 
Aug. 17, I960. 

A p r o c e s s is given for obtaining Pu >99.5% yield from 
dilute Pu solutions using a solution of t e r t i a ry amine 
in organic solvent. The Pu is removed from the 
scrubbed organic phase with H3SO4-HNO3 or HCIO4. 
Several examples of this p r o c e s s a r e given using 
t r i l au ry l amine . 

134. A REPORT OF BIOASSAY PROCEDURES: A 
SUMMARY AND BIBLIOGRAPHY. W. A. Brobs t . 
COO-213. Jan. 21, 1957. 

Various p rocedu re s a r e given for the analys is of ur ine 
for radioact ivi ty. Details a r e included for Pu . Th, 
and U. 

135. ION EXCHANGE SPECTROGRAPHIC METHOD 
FOR DETERMINATION OF IMPURITIES IN 
URANIUM AND PLUTONIUM. J . K. Brody. 
J . P . F a r i s , R. F . Buchanan. Anal. Chem. 2 0 . 
1909-12 (1958). 

An anion exchange p rocedure using hydrochlor ic acid 
is used to separa te ce r ta in e lements from U and Pu. 
Emiss ion spec t rophotomet r ic s tudies a r e included. 

136. THE DETERMINATION OF PLUTONIUM AS A 
MINOR CONSTITUENT IN ALLOYS WITH LEAD, 
TIN, AND BISMUTH. K. W. Brooke, D. H. Atkins, 
E. N. Jenk ins . A E R E - C / M - 3 3 6 , Dec 1957. 

Pu was de termined by counting the alpha sources p r e 
pared by evaporating small aliquots of solutions p r e 
pared from binary alloys of Pu with Pb , Sn, or Bi and 
of t e r t i a ry al loys of Pu and Bi with Pb or Sn. 

137. DISCUSSION OF HANFORD a EXPERIMENT WITH 
PROFESSOR H. A. BETHE. H. Brooks . 
K A P L - M - H B - 2 , April 9, 1947. 

A spontaneous fission count is believed to provide a 
method of P u " ° de terminat ion with no in te r fe rence 
from P u " ^ 

138. COLLECTED LABORATORY PROCEDURES FOR 
THE DETERMINATION OF RADIO ELEMENTS 
IN URINE. R. O. R. Brooks . AERE-AM-60, 
Aug I960. 

Working detai ls of p rocedures for the de te rmina t ions 
of Am, I, Pu, Po , Ra, and fission products a r e given. 

139. A PRELIMINARY SURVEY OF RADIOACTIVE 
CONSTITUENTS IN RAIN WATER AT ORNL. 
W. A. Brooksbank, J r . , A. H. E m m o n s , J, W. Cast , 
S. A. Reynolds. ORNL-8I6 , Dec. 4, 1950. 

A method was developed for de termining g r o s s changes 
in a ir contamination levels of Ce, Sr , Ru, Z r , Pu, and 
U by rad iomet r ic analysis of ra in wa te r . 

140. SUMMARY OF ANALYTICAL METHODS USED 
IN THE CHEMICAL PROCESSING PLANTS AT 
HANFORD. R. J. Brouns , R. A. Schneider . 
P r o c . 2nd In tern . Conf. Peaceful Uses Atomic 
Energy , Geneva, 1958, Z8, 436, United Nat ions , 
New York, 1958. 

Pu concentrat ions a re m e a s u r e d by alpha counting or 
cer ic t i t ra t ion . 

141. DETECTION OF AIRBORNE PLUTONIUM USING 
ALPHA ENERGY ANALYSIS TECHNIQUES. 
D. P . Brown. HW-78734, Sept 1963. 

A sensi t ivi ty of 40 M P C - h r was obtained using alpha 
energy analysis techniques , where contribution from 
h igher -energy Rn and thoron were compensated using 
electronic balancing c i rcu i t ry . Gamma background 
levels of 2 m r / h r and beta pa r t i c l e s level of 2.4 x 
lO* dpm did not adversely affect sensi t ivi ty or gene ra l 
operat ion. 

142. THE PREPARATION AND PROPERTIES OF 
SOME PLUTONIUM COMPOUNDS. PART II. 
PLUTONIUM NITRIDE. F . Brown, H. M. Ocken
den, G. A. Welch. J . Chem. Soc. 4196-4201 
(Dec 1955). 

Methods a r e given for producing the n i t r ide by heating 
the meta l or metal hydride in a ni trogen a tmosphe re . 
The compound is quite react ive and easily decomposed. 
Complete hydrolysis occurs at 80-90°C in mois t a i r . 

143. METHOD OF SEPARATING PLUTONIUM FROM 
CONTAMINANTS. H. S. Brown. O. F . Hill . . 
U. S. Pa t . 2,785,047, March 12, 1957. 

The U is dissolved in ni t r ic acid and a lanthanum 
fluoride precipi tat ion made , the prec ip i ta te ca r ry ing 
the Pu and fluoride soluble fission produc ts . The dr ied 
prec ip i ta te is t r ea ted with HF . and fission products 
which form relat ively volatile fluorides a r e volatilized, 
off. The res idue is t rea ted with anhydrous F at e l e 
vated t e m p e r a t u r e s , oxidizing the Pu, which is vola
t i l ized as higher fluoride. 

144. PROCESS OF SEPARATION PLUTONIUM FROM 
URANIUM. H. S. Brown, O. F . Hill. 
U. S. Pat . 2,851,333, Sept. 9, 1958. 

The method cons is t s of forming a u ranous hydroxide in 
the Pu-bear ing precipi ta te at a pH of at leas t 5. The 
c a r r i e r precipi ta te is then dissolved in acid solution, 
and the pH is adjusted to about 2.5 causing precipi ta t ion 
of the uranous hydroxide but leaving the sti l l soluble 
Pu values in solution. 

145. METHOD OF SEPARATING PLUTONIUM. 
H. S. Brown, O. F . Hill . U, S. Pa t . 2,822,239, 
Feb . 4, 1958. 

This p rocess may be c a r r i e d out by t rea t ing a mix ture 
of fluoride vapors compris ing plutonium hexafluoride, 
converting it to a l e s s volati le f luoride, and then r e 
covering the l ess volati le fluoride from the vapor by 
condensation. 

146. CHEMICAL TECHNOLOGY DIVISION, CHEM-
" ICAL DEVELOPMENT SECTION C PROGRESS 

REPORT FOR OCTOBER-DECEMBER 1961. 
K. B. Brown. ORNL-TM-107, Feb . 21, 1962. 

In continued, ba t ch -coun te rcu r ren t tes t ing with s i m 
ulated P u r e x IBP solution of the proposed chemica l 
flowsheet for f inal-cycle Pu recovery by amine ex
t rac t ion , the extract ion profile with the amine (TLA) 
concentra t ion dec reased from 0.3 to 0.15M. confirming 
the predicted extract ion i so the rm. The product 



solution contained 23 g P u / l . and the s tr ipped organic 
and the raffinate contained 0.001 and <0.002 g / l i t e r , 
respect ively . 

147. THE DETERMINATION OF PLUTONIUM BY 
(ETHYLENE DINITRILO) TETRAACETIC ACID 
TITRATION. W. B. Brown, D. R. Roge r s , E. A. 
Mershad, W, R. Amos. Anal. Chem. 22. 1000-2 
(July 1963). 

A Pu solution containing 8-40 mg of Pu is buffered to 
pH 2.5-3.0, heated to boiling, and t i t ra ted with EDTA 
to Cu-Pan end point. The indirect p rocedure is a con
tinuation of direct method. NH4F is added to demask 
the Pu-EDTA complex. The uncomplexed EDTA is 
t i t ra ted with s tandard copper solution to a PAN end 
point. The main e r r o r of d i rec t method is l e ss than 
±0.1 mg, and the indirect method was l ess than 
±0.2 mg. 

148. X-RAY COUNTER FOR PLUTONIUM SOLUTIONS. 
G. H. Bruber . DP-734, July 1962. 

Design features and operating cha ra c t e r i s t i c s a re given 
for an instrument that can m e a s u r e concentrat ion of 
0.0001 to 150 g of Pu" ' ' per l i ter in ni t r ic acid solution. 
Scintillation techniques a re used to count the X- r ays 
that originate from Pu^^''. 

149. SOLVENT EXTRACTION PROCESS FOR S E P 
ARATING URANIUM AND PLUTONIUM FROM 
AQUEOUS ACIDIC SOLUTIONS OF NEUTRON 
IRRADIATED URANIUM. F . R. Bruce . 
U. S. Pat . 3,046,087, July 24, 1962. 

A solvent extraction p rocess was developed for sep
arating actinide elements including Pu and U fronn 
fission products . 

150. THE CONCENTRATION AND PURIFICATION OF 
URANIUM AND PLUTONIUM BY ION EXCHANGE. 
F . R. Bruce, J. M. F le tcher , H. H. Hyman, Eds . 
P r o g r e s s in Nuclear Energy, Ser ies III. P r o c e s s 
Chemis t ry , Volume 2, Pe rgamon P r e s s , New 
York, 1958. 

Cation exchange is used to concentrate U or Pu 
products which are obtained from solvent-extract ing 
p rocesses . Losses of fissionable ma te r i a l a r e l ess 
than 0.01%. 

151. CONFERENCE ON PLUTONIUM CHEMISTRY IN 
IN THE PUREX PROCESS AT ORNL. F . R. Bruce . 
CF-50-2-112, Jan. 18, 1950. 

The Purex process and the r e s e a r c h p rog ram on Pu 
chemistry at KAPL, ANL, and Hanford works a re 
reviewed. 

152. RAPID SIMULTANEOUS DETERMINATION OF 
Pu(lV) and Am(lII) IN NITRIC ACID SOLUTION. 
T. Bruce. CRDC-805. Aug 1958. 

Zr is added to the solution to be analyzed as a c a r r i e r 
for Pu and phenyl arsonic acid is added as a precipi tant 
leaving Am in the supernatant . The Pu and Am a re then 
deternnined by alpha counting. The prec i s ion obtained 
is about ±2%. 

153. DETERMINATION OF PLUTONIUM IN BIO
LOGICAL MATERIAL BY SOLVENT 

EXTRACTION WITH PRIMARY AMINES. F . W. 
Bruenger , B. J . Stover, D. R. Ather ton. Anal. 
Chem. 22, 1671-3 (Oct 1963). 

Concentrated ur ine or a sample of bone ash is made 
IM HjSO^, and Pu is extracted with highly branched 
amines in xylene. Pu is then ext rac ted from the o r 
ganic phases with 8M HCl and alpha-counted. 

154. STUDIES OF THE OXIDATION STATES OF Pu"^ 
IN INJECTION SOLUTIONS. F . W. Bruenger , 
D. R. Atherton, B. J . Stover . In COO-225, Re 
sea rch in Radiobiology. Annual Repor t of Work 
in P r o g r e s s on the Chronic Toxicity P r o g r a m , 
March 31, 1962, pp. 62-72. 

Combined precipi ta t ion and spec t rophotomet r ic methods 
for evaluating the oxidation s ta tes of Pu a r e 
descr ibed , 

155. FLOWSHEET FOR SEPARATION OF PLUTONIUM 
FROM THORIUM AND URANIUM. L. E, Bruns . 
HW-67674, Dec. 7, I960. 

The p rocess includes p repara t ion of unusual Pu -
containing m a t e r i a l s for feed m a t e r i a l s and solvent 
extract ion with 207o TBP in CCI4. 

156. PROTOTYPE HOOD FOR DISSOLUTION OF PLU
TONIUM SKULLS, PLUTONIUM METAL, AND 
FOR LEACHING OF INCINERATOR ASH. 
L. E. Bruns , C. W. Nilsen. HW-70084, 
June 28, 1961. 

Two p r o c e s s e s a r e d iscussed: ammoniunn bifluoride-
plutonium(IV) oxide fusion, and rec i rcu la t ing continuous 
d i s so lve r . 

157. OXIDATION OF PLUTONIUM(III) BY SODIUM 
NITRITE. A. Bruns tad . HW-51655, July 17, 1957. 

The reac t ion velocity constant for the oxidation of 
Pu(lll) by ni t r i te in HNO3 solution containing fer rous 
sulfannate is given. 

158. POLYMERIZATION AND PRECIPITATION OF 
PLUTONIUM(IV) IN NITRIC ACID. A. Brunstad. 
Ind. Eng. C h e m . 2 i . 38-40 (Jan. 1, 1959). 

The formation of colloidal Pu(lV) hydroxide from 
Pu(lV) n i t ra te solutions was de termined as a function 
of acid and Pu concentra t ion at severa l t e m p e r a t u r e s . 
Except for colloidal sols formed from solutions con
taining a few granns per l i t e r , the acidi t ies become too 
high for the Pu to r emain as a s table colloid. 

159. COULOMETRIC DETERMINATION OF PLUTO
NIUM AND URANIUM. A. Bruns tad . 
In TID-7516 (Pt. l ) , AEC Mate r i a l s Management-
Contractor Represen ta t ives Meeting, Washington, 
D . C , May 7-9, 1956, pp. 137-160. 

The Pu sample is oxidized to Pu and then reduced 
with electrolyt ical ly genera ted Fe"'"'' ions . P r ec i s i on 
and e r r o r of ±0.5% with 10-mg sannples of Pu a r e 
obtainable. 

160. REDUCTION AND STABILIZATION OF PLUTO
NIUM NITRATE IN CATION EXCHANGE FEED 
AND PRODUCT SOLUTIONS. A. Bruns tad , 
R. C. Smith. HW-52796, Sept. 24, 1957. 



In the concentra t ion and purif ication of Pu by cation 
exchange, the fuel solution of Pu mus t be in the p lu s -
th ree valence s ta te , but the n i t ra te solution from the 
solvent ext rac t ion p r o c e s s contains nnostly Pu with 
smal l amounts of Pu"'•^ The bisulfates met the r e 
qui rements for speed and comple teness of reduct ion. 

161. DETERMINATION OF AMERICIUM IN PLUTO
NIUM BY GAMMA COUNTING. J . Bubernak, 
M, S. Lew, G. M. Matlack. Anal. Chem. 20.. 
1759-62 (1958). 

The gamnna specific acitivity of Ann , a common 
impuri ty in r eac to r Pu is 30,000 t imes g rea t e r than 
that of Pu, when gamma rays above 30 keV a re counted. 
This is the bas i s of a p rocedure for determining as 
li t t le as 5 ppm of Am in Pu . 

162. THE DETERMINATION OF BURNUP IN PLUTO
NIUM REACTOR FUELS. J . Bubernak, J . W. T. 
Meadows, M. Lew, G. M. Matlack. In TID-7629. 
Analytical Chemis t ry in Nuclear Reactor Tech
nology, Fifth Conference, Gatl inburg, Tenn. , 
Oct. 10-12, 1961, pp. 177-183. 

Only a few fission products a r e suitable for use in the 
determinat ion of burnup in Pu fuels by f iss ion-product 
analysis when the h is tory of the fuel is one of a long 
period of neutron exposure which was repeatedly in te r 
rupted, or cha rac t e r i zed by a fluctuating power level , 
such as might be expected in prototype Pu-fueled 
power r e a c t o r s . Sr '" analysis is chosen. The actual 
analytical p rocedure involves Sr separa t ion based on 
n i t ra te , chronnate, and oxalate precipi ta t ion to obtain 
radiochemical ly pure Sr fission product . After a sui t 
able waiting per iod, Y^" is separa ted from the Sr by 
tributyl phosphate ext ract ion. The Y ' " is then used for 
the actual radioact ive measurennent , from which the 
number of a toms of Sr'*° in the sample is calculated, 
and thence the percent burnup. 

163. THE USE OF TETRAVALENT URANIUM AND 
HYDRAZINE AS PARTITIONING AGENTS IN 
SOLVENT EXTRACTION PROCESSES FOR PLU
TONIUM AND URANIUM. J . S. Buckingham, 
C. A. Colvin, C. A. Goodall. HW-59283, 
Feb . 1. 1959. 

A study of oxidat ion-reduct ion potentials of Pu and 
various reducing agents indicates that hydraz ine , U , 
and Fe"*"̂  have the potential to reduce all valence s ta tes 
of Pu. Te t rava len t U will reduce Pu to the t r iva len t 
s tate and hence can be separa ted from U by solvent 
extract ion. 

164. THE ANALYTICAL APPLICATION OF THE 
NITRIC ACID ANION EXCHANGE SYSTEM TO 
PLUTONIUM-FISSIUM AND PLUTONIUM-
BINARY ALLOYS USED IN METALLURGICAL 
STUDIES. R. F . Buchanan, J . P . F a r i s , K. A. 
Orlandini , J . P . Hughes. In TID-7560, P a p e r s 
P r e s e n t e d at the Reactor Fue l Measuremen t 
Techniques Symposium, held at Kellogg Cente r , 
Michigan State Univers i ty , Eas t Lansing, Mich. , 
June 18-20, 1958, pp. 179-188. 

The elution c h a r a c t e r i s t i c s of over 60 e lements as 
t r a c e r s were de te rmined in n i t r i c acid mediunn using 
Dowex 1 X 10 anion exchanger . 

165. THE DETERMINATION OF NITROGEN, AMER
ICIUM, NEPTUNIUM AND URANIUM IN P . P . M . 
QUANTITIES IN PURE PLUTONIUM. R. F . 
Buchanan, J . P . Hughes, J . J . Hines . C, A. A. 
Bloomquist . T a l a n t a ^ , 173-84(1960) . 

Nitrogen is de te rmined by c l a s s i ca l method in which it 
is converted to NHj in an NaOH solution and absorbed 
in an H3BO3 solution. Am content was calculated from 
difference in 5.5 MeV alpha activity before and after 
separa t ion of Am from Pu. The Np is ex t rac ted from 
1 2N HCl containing O.IM hydroquinone and O.IM KI to 
keep the Np in the quadravalent s tate and the Pu in the 
t r iva lent s ta te . The U is de te rmined by ext ract ion 
with 30% TBP using fer rous sulfumate to reduce Pu to 
the inextractable Pu(IIl). 

166. THE COLORIMETRIC DETERMINATION OF 
ZIRCONIUM IN PLUTONIUM-URANIUM-
FISSIUM ALLOYS. R. F . Buchanan, J . P . Hughes, 
C. A. A. Bloomquist . Talanta i., 100-104 (1960). 

A sample containing 40-100/ ig of Z r was separa ted 
from Pu in a ION ni t r ic acid solution by anion exchange. 
The a l izar in red-S lake was formed in O.IN n i t r i c , and 
its absorbency m e a s u r e d at 520 nnu. 

167. ETHER EXTRACTION AS A PORTION OF S E P 
ARATIONS PROCESS. R. S. Buffum, R. E . C la rk , 
D. K. Duffey, G. F . Quinn, J . B. Tepe . CN-2492, 
Dec. 14, 1944. 

Labora tory and semiworks invest igat ion of a diethyl 
ether extract ion method for separat ing U and Pu a r e 
repor ted . 

168. THE MICRO VOLUMETRIC DETERMINATION 
OF URANIUM AND PLUTONIUM. J . L. Bunce. 
A E R E - C / R - 2 4 0 7 . May 1951. 

A method is descr ibed for determining U or Pu by 
reduction with liquid zinc amalgam and subsequent 
t i t ra t ion of the reduced solution with s tandard ce r ic 
sulfate. 

169. URANIUM AND PLUTONIUM EXTRACTION BY 
ORGANOPHOSPHORUS COMPOUNDS. L. L. 
Burger . J . Phys . C h e m . ^ i , 590-3 (1958). 

Organic phosphates , phosphonates , phosphinates , and 
phosphine oxides a r e compared as solvents for U and 
Pu n i t r a t e s . 

170. SEPARATION OF NEPTUNIUM AND PLUTO
NIUM BY ANION EXCHANGE. G. A. Burney. 
DP-689, April 1962. 

Pu(lV) and Np(lV) a r e absorbed on an anion exchange 
res in from an 8M ni t ra te solution. The column is 
washed with 8M HNO3 to remove contaminants . Then 
the Pu is removed as Pu(lII) by washing the column 
with HNO3 containing fer rous sulfamate and hydraz ine . 
Final ly , the Np is eluted with dilute HNOj. 

171. THE DETERMINATION OF TOTAL PLUTONIUM 
IN THE PRESENCE OF ALUMINUM. R. E . Burns , 
G. B. Barton. HW-15944, Feb . 10, 1950. 

Adoption of aluminum ni t ra te as a salting agent in the 
redox p r o c e s s necess i t a ted that a nnethod be avai lable 
for determining Pu in the p re sence of AI. Pu is c a r r i e d 
on lanthanum hydroxide-sodium diurana te p rec ip i t a t e 



which separa tes it from Al as well as from any d ichro
mate presen t . A regular lanthanum fluoride p rocedure 
is used on the dissolved prec ip i ta te in 2M HCl. 

172. CHEMICAL ENGINEERING DIVISION, SUMMARY 
REPORT FOR JULY-SEPTEMBER 1949. 
L. B u r r i s , J r . , comp. ANL-4372. 

Redox process studies, Pu p rocess ing , and removal of 
Ru by ozonization are descr ibed . 

173. REPROCESSING URANIUM DIOXIDE FUELS. 
L. B u r r i s , J r . , A, Schneider . U. S. Pa t . 
3,023,097, Feb . 27, 1962. 

A method of selectively reducing plutoniunn oxides and 
the r a r e earth oxides, but not uranium oxides, is de
scribed which compr i ses placing the oxides in a molten 
solvent of Zn or Cd and then adding meta l l i c U as a 
reducing agent. 

174. A BATCH PROCESS FOR THE RECOVERY OF 
Am^*' FROM KILOGRAM AMOUNTS OF PLUTO
NIUM. J. P . Butler, J . S. M e r r i t t . CRC-661 , 
Aug 1956. 

By precipitating PUO4 from solutions 1 - 2N in acid, the 
Am can be recovered in the supernatant in about 98% 
yield. The method has been used with 100-200 g 
batches of Pu, where the recovery has been 99.8%. The 
method has the further advantage that the Pu is decon
taminated from most cat ions. The Am is further 
purified by precipi tat ions and ion-exchange methods 
with a yield of 98.4%. 

175. REVIEW OF THE JOINT A E C L / K A P L STUDIES 
OF THE TRANSURANIUM ELEMENTS, 
J. P . Butler , T. A. Eastwood, H. G. Jackson. 
KAPL-1781, July 2, 1957. 

A review of the t ransuran ium elements produced by 
long-term i r radia t ion of Pu in the KAPL Mater ia l s 
Testing Reactor is presented . The data cover e lements 
from Pu"^ to Fm"^ . 

176. SURFACE ALPHA MONITORING AS A METHOD 
OF MEASURING PLUTONIUM FALLOUT. 
R. E, Butler , H. M. Mil le r . WT-1513, Aug 1961. 

Alpha survey meter readings obtained on smooth, ha rd 
surfaces were corre la ted by chemical analysis with 
Pu concentrations in the innmediate a r ea of a one-point 
detonation of a weapon containing Pu. 

177. ALPHA COUNTER FOR THE DIRECT DETER
MINATION OF PLUTONIUM IN SOLUTION. 
J . T. Byrne, G, A. Rost . Anal. Chem. 21-
758-61 (1961). 

An effective alpha counter is designed which is used 
directly on samples , eliminating any chemical or phys
ical t rea tment . Details of design, operat ion, and l imi 
tations are presented. 

178. MEASUREMENT OF THE Pu^^" CONCENTRATION 
OF A PLUTONIUM SAMPLE BY THE SPONTA
NEOUS FISSION METHOD. R. Ca ize rgues , 
C. C. d 'Orval. CEA-1 527, I960. 

The method consists of electroplat ing Pu on Fe p la tes . 
The spontaneous fission rate of the deposi ts is m e a 
sured in a multiplate ionization chamber , and the 

Pu^° content is calculated from the known spontaneous 
fission half-life. P recau t ions taken to avoid spur ious 
pulses and a pi le-up a r e desc r ibed . 

179. VOLUMETRIC ASSAY METHOD FOR PLUTO
NIUM USING SPECTROPHOTOMETRIC END 
POINT DETECTION. C. E . Caldwell , L. F . Gri l l , 
R. G. Kurtz , F . J . Miner , N. E. Moody. Anal. 
Chem. 24, 346-348 (1962). 

A t i t r i m e t r i c method for the assay of Pu me ta l p e r 
mi t s use of large samples and involves a spec t ropho
tomet r i c determinat ion of the end point. The s tandard 
deviation is ±0.07%. F e r r o i n is used as the indicator , 
and the t i t rant is cer ic sulfate. 

180. SEPARATION PROCESS FOR TRANSURANIC 
ELEMENT AND COMPOUNDS THEREOF. 
M. Calvin. U. S. Pa t . 2,856,418, Oct. 14, 1958. 

Separation p rocess depends on the use of chelating 
agents while keeping U in the hexavalent s tate and Pu 
in the te t ravalent s tate in a IN acid solution. The 
chelating agents used he re compr i se a group of com
pounds charac te r i zed as fluorinated beta diketones. 

181. DETERMINATION OF PLUTONIUM IN URINE 
BY ANION EXCHANGE. E. E . Campbel l , 
W. D. Moss . LADC-5922, 1963. 

Pu is concentrated from urine by co-prec ip i ta t ion with 
alkaline ear th phosphates . The prec ip i ta te is dissolved 
in 7.5M HNO3 and passed through an anion exchange 
column for purification. The Pu is finally removed 
with HCl + HI and alpha-counted by conventional meth
ods. The recovery of 1.6 d /m of Pu from one l i ter of 
ur ine is 86 ± 7.8%. 

182. SELECTIVE REDUCTION OF P L U T O N I U M ( V I ) 
TO PLUTONIUM(IV) IN A PLUTONIUM(IV-Vl) 
NITRIC ACID SOLUTION, M. H. Campbell . 
HW-68003, Feb 1961. 

The valence in Pu(lV-VI) is adjusted to IV by reduction 
with fer rous sulfamate. Nitr ic acid concentration must 
be 2-6M to avoid Pu disproport ionat ion or sulfamate 
precipi ta t ion. Fe(ll) sulfamate concentrat ion is kept 
below l.OM. It is not neces sa ry to reduce to three and 
then oxidize to Pu(lV). 

183. AN ANALYSIS FOR FREE NITRIC ACID AND 
TOTAL NITRATE ION IN URANYL NITRATE 
AND PLUTONIUM NITRATE SOLUTIONS USING 
A CATION EXCHANGE RESIN. M. H. Campbell, 
J . F . Adams. HW-76363, Feb . 6, 1963. 

The determinat ions a re made in a single operat ion 
using a caustic t i t ra t ion . The analysis t ime is l e ss 
than one hour . 

184. CONTROLLED POTENTIAL COULOMETER. 
Engineering drawings set CAPE-905 . See also 
HW-65919, July I960. 

The function and applicability of a control led-potent ia l 
coulometer a r e descr ibed . 

185. THE EXTRACTION OF PLUTONIUM AT VARIOUS 
OXIDATION POTENTIALS. G. Car l e son . P r o c . 
2nd Intern, Conf. Peaceful Uses of Atomic Energy, 
Geneva, 1958, 12. m , United Nations, New York, 
1958. 



Distr ibut ion coefficients for Pu(lII), Pu(lV), and Pu(Vl) 
with 40% tr ibutyl phosphate in ke rosene from ni t r ic 
acid solution containing, in sonne c a s e s , smal l amounts 
of oxidizing or reducing agents were invest igated. 
Means of obtaining the var ious valence s ta tes a r e d i s 
cussed in addition to thei r s tab i l i t i e s . The mechanisnn 
of the ext ract ion with T B P is a lso d i scussed . 

186. VAPOR PRESSURES OF AMERICIUM TRIFLUO
RIDE AND PLUTONIUM TRIFLUORIDE, HEATS 
AND FREE ENERGIES OF SUBLIMATION. 
S. C. Carnig l ia , B. B. Cunningham. J . Am. Chem. 
Soc. 77, 1451-3 (1955). 

Vapor p r e s s u r e s were m e a s u r e d in the range 1100-
1300'K by the Knudsen method. 

187. COULOMETRIC DETERMINATION OF PLUTO
NIUM. W. N. Carson , J r . , J , W. Vanderwate r , 
H. S. Gile. Anal. Chem. 29, 1417-22 (1957). 

A genera l chemical method for the de te rmina t ion of 
samples containing 3 7 to 10 mg Pu. It is subject to 
few in te r fe rences . The p rocedure cons i s t s of a 
coulometr ic t i t ra t ion based on the p re l imina ry oxida
tion of the Pu(VI), followed by t i t ra t ion with e l ec t ro 
lytically genera ted fe r rous ion to Pu(lV). 

188. INSTRUMENTATION FOR CRITICALITY PRO
TECTION OF CHEMICAL PLANTS. D. K. C a r t -
wright, M. J . Todd. Nuclear Power b_. No. 66, 
79-82 (Oct 1961). 

The application of conventional radiat ion de tec to rs for 
locating uranyl deposits and the accunnulations of Pu in 
chemical plants a r e d i scussed . Exper imenta l work in 
detecting and locating undue build-up of f iss i le m a t e r i a l 
is descr ibed . 

189. RADIOACTIVE METAL MOBILIZATION. 
A. Catsch . KFK-76 . Also Federa t ion P r o c . ZO: 
Suppl. No. 10, 206-19 (Sept 1961). 

The potent ia l i t ies , d rawbacks , and l imita t ions of 
e thy lene -d iamine- t e t r aace t i c acid (EDTA) in the r e 
moval of radioact ive me ta l s a r e d i scussed . 

190. NEW OBSERVATIONS ON THE X SPECTRA OF 
PLUTONIUM. Y. Cauchois , L. de B e r s u d e r , 
I. Manescu. Compt. rend. 253, 1042-3 ( l 9 6 l ) . 

As a continuation of prel inninary works on the X spec 
t r a of Pu, the L absorpt ion spec t r a were analyzed with 
the aid of autonomous samples consis t ing of the rmal ly 
evaporated meta l l i c Pu, p ro tec ted against oxidation by 
Al deposi ts , p las t ic envelopes, and nnaintenance 
under Ar . 

191. FLUORESCENT L SPECTRUM OF PLUTONIUM. 
Y. Cauchois , I. Manescu. Compt. rend, 242. 
1433-6 (1956). Also AEC- t r -4200 . 

Observat ions previously made on the adsorpt ion spec t r a 
and four emiss ion lines of Pu using about 10 nng of Pu02 
were extended to about 20 new ennissions. 

192. THE L SPECTRUM OF PLUTONIUM. Y. Cau
chois , I. Manescu, F . LeBerqu ie r . Compt. rend. 
239. 1780-2 (1954). 

The absorpt ion spec t rum and X- ray f luorescence spec 
t r u m of Pu were obse rved and m e a s u r e d . 

193. TOTAL PLUTONIUM ASSAY IN THE PRESENCE 
OF ALUMINUM BY Ca(OH)2-LaF3 CARRIER 
PRECIPITATIONS. M. Cefola, W. S. Andrus . 
K A P L - M - M C - 2 , Sept. 23, 1949. 

It has been es tabl ished in many l abora to r i e s that the 
LaF3 method for total Pu in solutions containing Al 
gives inco r rec t r e s u l t s . The precipi ta t ion of La(OH)3 
with NaOH has the effect of separat ing Al from Pu by 
keeping the Al in solution. SnCl; was used as a reducing 
agent instead of NHjOHHCl. 

194. THE ROLE OF MICRO- AND ULTRAMICRO-
CHEMISTRY IN THE ISOLATION OF THE FIRST 
TRANSURANIUM ELEMENT: PLUTONIUM. 
M. Cefola. Microchem. J . 2 . 205-17 (1958). 

To handle minute amounts of Pu, reac t ions a r e c a r r i e d 
out in capi l lary or cones with volunnes nea r one m i c r o 
l i t e r . New compounds were p repa red by techniques of 
Renedett i and Cefola. 

195. PLUTONIUM HANDLING HAZARDS. T. S. Chap
man. In Proceedings of the Seventh Hot L a b o r a 
to r i es and Equipnnent Conference, Cleveland, Ohio, 
April 7-9, 1959, Engineers Joint Council , New 
York, 1959. 

The philosophy and p rac t i ce s of protect ion from h a z 
ards aceonnpanying Pu process ing and fabricat ion a r e 
descr ibed . Hazards of fire and water a r e also 
d i scussed , 

196. COMPLEXES OF PLUTONIUM(IV) WITH PHEN
YLARSONIC ACID DERIVATIVES. I.. I - ( 0 -
ARSONOPHENYLAZO)-2-NAPTHOL-^:6-DISUL-
PHONIC ACID. (THORONOL.) D. A. Cha rman , 
D. W. Ockenden." RDB(W)5246, July 4, 1955. 

A 1:1 plutoniunn-thoronal complex is formed innnne-
diately over the pH range 0.95- 1.35 in n i t r ic acid. The 
nnolar absorbency indices for the complexes of Pu(l l l ) , 
(IV), and (VI) with thoronal a r e given. The behaviors 
of UOt^. F e + \ Cr•*'^ A1+', and La+* a r e given. A quan
t i tat ive method is proposed. 

197. A STUDY OF THE ACCURACY AND PRECISION 
OF THE LANTHANUM FLUORIDE COPRECIPI 
TATION METHOD FOR THE DETERMINATION 
OF PLUTONIUM. R. B. Chenley, G. J . Hunter , 
T. J . Webber. A E R E - C / M - 3 2 7 , June 1958. 

The accuracy and prec i s ion of the p rocedure used have 
been determined, and considerat ion has been given to 
the choice of a s tandard re fe rence for the accuracy . 
The coefficient of var iat ion of these deternninations was 
1.9%, which enables a cor rec t ion to be nnade for the 
negative bias of the method with confidence. 

198. SOLVENT EXTRACTION CHEMISTRY SYMPO
SIUM. PART i n . RECOVERY AND PURIFICA
TION OF PLUTONIUM BY TRILAURYLAMINE 
EXTRACTION. A. Chesne, G. Koehly, A. Bathe l -
l i e r . Nucl. Sci. Eng. F?. 557-65 (Dec 1963). 

T r i l au ry l amine n i t r a t e , diluted in dodecane, is con
s idered as an extract ing agent for Pu that has been 
purified by one or m o r e TBP cyc l e s . A study of s t r i p 
ping solutions is also emphasized . Radiolytic deg rada 
tion of the solvent is d i scussed . 



199. AQUEOUS REPROCESSING OF URANIUM BY 
AMINE EXTRACTION. A. Chesne . AEC- t r -5014 . 
Trans la ted from NP-9340 (Vol. Ill) (Sect. II) 
"Advanced Course on Fuel Elements for Water 
Cooled Reac to r s . " 

Solvent extraction of Pu by amines is d iscussed , 

200. STUDIES ON THE OXIDES OF PLUTONIUM. 
T. D. Chikalla. HW-63574. Also in "Plutonium 
I960," Cleaver -Hume P r e s s , Ltd., London, 1961, 
pp. 455-485. 

Melting-point studies and sinterabil i ty data on the i so-
morphous compounds AIO2 and Pu02 and thei r in t e r 
mediate compositions were obtained. 

201. EXTRACTION OF PLUTONIUM AND OTHER 
ELEMENTS WITH N-BENZOYLPHENYL-
HYDROXYLAMINE. M. K. Chmutova, O. M. P e t -
rukhin, Y. A. Zolotov. Zh. Analit. Khim. 18, 
588-95 (May 1963). 

The extractant in chloroform can be used to separa te 
Pu from U, and fission products from a 3M ni t r ic acid 
solution. The extraction of Pu from HCl and H2SO4 
solutions was also studied. 

202. SPECIAL CHEMISTRY OF 94-ANALYTICAL 
CHEMICAL RESEARCH REPORT FOR THE 
MONTH ENDING JUNE 1, 1944. CK-1756, 
June 15, 1944. 

The copper spark method for the analysis of Pu is used 
on production samples . Also included is an invest iga
tion of thorium nitrate t i t ra t ion for fluoride, the use of 
cupferron for extraction of light me ta l s from Pu, and 
the Al morin f luorescence method for B. 

203. ION EXCHANGE STUDIES OF THE ACTINIDE 
ELEMENTS. G. R. Choppin. J. Chem, Educ. 36. 
462-5 (1959). 

Ion exchange studies of the actinide elements a r e 
reviewed. 

204. REMOVAL OF PLUTONIUM FROM LABORA
TORY WASTES. C. W. Chr is tenson, M. B. E t -
t inger, G. C. Robeck, E. R. Hermann, K. C. Kohr, 
J. F . Newell. Ind. Eng. Chem. 43, 1509-16 (1951). 

Efficiencies of severa l methods for removing Pu from 
laboratory wastes were t r ied . Coagulation with Fe and 
lime was the prefer red method. Approximately 20 gal 
of sludge, resulting in three pounds of dry sol ids , we re 
produced for each 1000 gal of waste . 

205. PAPER CHROMATOGRAPHY OF TRANSURA
NIUM ELEMENTS. VARIATION IN R p OF P L U 
TONIUM AND AMERICIUM IN THE n-BUTANOL-
HCl SYSTEM. F . Clanet. J . Chromatog. 2 . 
85-9 (1961). 

Rp values a re tabulated for U(IV) and U(Vl), Pu(l l l ) , 
Pu(lV), and Pu(VI), and Am(m) with eight concent ra 
tions of HCl(l-lOM) in 1:1 mix tures with BuOH. 

206. SPOT TESTS ON PAPER OF TRANSURANIUM 
ELEMENTS. CHARACTERIZATION OF DIF
FERENT DEGREES OF OXIDATION OF N E P 
TUNIUM AND PLUTONIUM, F . Clanet . In 
"Analytical Chemistry 1962," Elsevier Publ i sh
ing Company, Amsterdann, 1963, pp. 28-38. 

The sensi t ivi t ies and colors obtained with 36 organic 
and inorganic reagents on the different valence s ta tes 
of Np and Pu a r e repor ted . 

207. ABSTRACTS OF ATOMIC ENERGY PROJECT 
UNCLASSIFIED REPORTS AND PUBLISHED 
LITERATURE ON THE ACTINIDE ELEMENTS, 
PART IV. PLUTONIUM. R. W. Cla rke , comp. 
A E R E - C / ' R - 2 4 7 2 (Par t IV), Apri l 1958. 

208. ABSTRACTS OF ATOMIC ENERGY PROJECT 
UNCLASSIFIED REPORTS AND PUBLISHED 
LITERATURE ON THE ACTINIDE ELEMENTS. 
PART V. T-RANS-PLUTONIUM ELEMENTS. 
R, W. Clarke , comp. A E R E - C / R - 2 4 7 2 (Par t V). 
March 1958. 

209. THE ENCYCLOPEDIA OF SPECTROSCOPY. 
G. L. Clark, edi tor . Reinhold Pub. Corp . , New 
York. I960. 

ZIP. INSTRUMENTS FOR PLUTONIUM MONITORING, 
N. T. Clarke , N. P e a r c e . In "Nuclear E lec t ron ics , 
Vol, III." Vienna, Internat ional Atomic Energy 
Agency, 1962, pp. 403-427. 

The Pu^^ ' - in-air filter paper moni tor (NLS. 280) has 
been developed for emergency application when levels 
of 50 MPC or more nnay be encountered. 

211. NUCLEAR SAFETY AND CRITICALITY OF PLU
TONIUM. E. D. Clayton, W, A. Reardon. 
HW-71666, Nov 1961. 

The data and techniques that were used to evaluate the 
cr i t ica l i ty problems in typical Pu process ing plants are 
presented . Recomnnendations a r e made concerning the 
rel iabil i ty of the data, and techniques of control a re 
d i scussed . 

Z12. CRITICAL MASS EXPERIMENTS WITH 
PLUTONIUM-NITRATE SOLUTIONS. E, D, Clay
ton, W. A. Reardon et a l . In HW-72586, Physics 
R e s e a r c h Quar ter ly Report , Oct, Nov, Dec 1961. 
Jan. 31, 1962, pp. 54-65. 

Cr i t i ca l nnass exper iments were continued with Pu con
cent ra t ions ranging from 36.3 g/ l at 3,3M HNO3 with a 
4- in . concrete ref lec tor , to 238.0 g/ l at 5.21M HNO3 
with a 1.0-in. paraffin ref lec tor . A coefficient was de
rived relat ing the n i t r a t e - ion concentrat ion to the 
c r i t i ca l volume. 

213. IMPROVEMENTS IN OR RELATING TO THE 
PRODUCTION OF PLUTONIUM. D. W. Clelland, 
W. W. Marsha l l , G. R. Evans . Br i t i sh Pa t . 
882,950, Nov. 22, 1961. 

Plutonium ni t ra te and oxalic acid solutions a re fed to a 
s t i r r e d vesse l at 80°C to effect precipi ta t ion. The r e 
sulting s lu r ry is passed by gravity flow to a cooler at 
25°C and thence to a column having an upward flow feed 
of a washing mix ture of oxalic and ni t r ic ac ids . The 
prec ip i ta te set t les to the bottom of the column, from 
which it may be continuously withdrawn through a valve. 

214. CHEMICAL RESEARCH-CHEMISTRY OF 94 
(PLUTONIUM). REPORT FOR MONTH ENDING 
JULY 15, 1943. CN-795. 



The me ta l lu rg i ca l separa t ion of Pu from U me ta l was 
studied. The U was alloyed with Sn, and the Sn-U is 
converted to the hydr ide . The hydride is dissolved in 
acid and the Pu separa ted from this solution. 

215. CHEMICAL RESEARCH - BASIC CHEMISTRY OF 
PLUTONIUM. REPORT FOR MONTH ENDING 
JUNE 1, 1944. CN-1702, June 26, 1946. 

P r o g r e s s is repor ted on m e a s u r e m e n t s of Pu( l l l ) -
Pu(lV) oxidation potent ials on solubil i t ies of phosphates 
and oxalates in HCl or HNO3, the cosepara t ion of Pu 
with c a r r i e r s , the c rys t a l s t r u c t u r e s of the Pu(lV) 
phosphates and oxala tes , the hydrolys is of Pu(lll} and 
Pu(lV), the ra te of oxidation of Pu(lV) by ce r i c n i t ra te 
and by dichromate in n i t r ic acid. 

216. CHEMICAL RESEARCH - BASIC CHEMISTRY OF 
PLUTONIUM. REPORT FOR MONTH ENDING 
SEPTEMBER 1, 1944. CN-2088, Sept. 1, 1944. 

The n i t r a t e s , sulfates , ch lo r ides , ace t a t e s , oxala tes , 
and phosphates of Pu a r e d i scussed . The hydrolytic 
behavior of Pu and oxidat ion-reduct ion potentials a r e 
given. 

217. AN IONIZATION CHAMBER FOR THE STUDY OF 
PLUTONIUM HEXAFLUORIDE. J . W. Codding. 
J r . KAPL-1759, March 29, 1957. 

Cal ibrat ion data a r e presen ted for a m e t a l - c e r a m i c 
ionization chamber for use with P u F j and nonradio
active gases in the p r e s s u r e range of 0.1 to lOO mm 
of Hg. 

218. A REVIEW OF THE PHYSICAL METALLURGY 
OF PLUTONIUM. A. S. Coffinberry, M. B. Wal
dron. P rog , of Nuclear Energy ±, Se r i e s V, 
354-410 (1956). 

The development of Pu meta l lurgy is reviewed, and 
data on physical p rope r t i e s of Pu in te rmeta l l i c com
pounds a r e p resen ted . 

219. THE ABSORPTION SPECTRA OF PLUTONIUM 
IONS IN PERCHLORIC ACID SOLUTIONS. 
D. Cohen. J . Inorg. Nucl. Chem. 18, 
211-218 (1961). 

The absorption spec t r a of the four ions of Pu have ^ 
been m e a s u r e d in the region between 2000 and 12,500 A 
in perch lor ic acid solut ions . 

220. ELECTROCHEMICAL STUDIES OF PLUTONIUM 
IONS IN PERCHLORIC ACID SOLUTION. 
D .Cohen . J . Inorg. Nucl. Chem. 1_8, 207-10 
(1961). 

A potentiostat was used to obtain cu r ren t -vo l t age for 
the oxidat ion-reduct ion reac t ions of Pu ions and to 
p r epa re the four valence s t a tes of Pu in pe rch lo r i c 
acid solut ions. 

221. AMINE EXTRACTION OF PLUTONIUM AND 
RELATED METALS. C. F . Coleman. In 
TID-7607. Plutonium Ion Exchange P r o c e s s e s . 
P roceed ings of the US-UK Technical Exchange 
Meeting, Oak Ridge National Labora to ry . 
Apri l 25-27, I960, pp. 64-73 . 

The effects of solution and solvent concentrat ion and 
oxidation state of the Pu and Np on the distr ibution 

coefficients were invest igated. Degradat ion of amines 
due to radia t ion or chemical effects was not se r ious 
due to solubility of degradation products in aqueous 
solution. 

222. POLAROGRAPHY IN MOLTEN AMMONIUM 
FORMATE. E. L. Col ichman. LRL-117 , Anal. 
Chem. 2 1 . 1559-62 (1955). 

Molten anhydrous HCOONH4 was invest igated as a 
solvent for the polarographic behavior of s a l t s . At the 
operating t empe ra tu r e of 125 ± 1°C, t r a c e s of H2O and 
of dissolved O were readily removed by a s t r e a m of N. 
Diffusion c u r r e n t s were grea t enough to ensure adequate 
sensi t ivi ty . The useful reduction range was from ±0.1 
to -0.9 V vs a Hg pool. The anhydrous sa l t s were c a r e 
fully p repa red for this study, which covered eight com
pounds of U, th ree compounds of Pu (some U analogs) , 
and 69 other compounds of m e t a l s , including Th and 
typical fission products (e.g. , Zr and the r a r e e a r t h s ) . 
Brief t e s t s of CdCl2 and CdCOj solutions (at 0.001, 
0.005, and O.OIOM) suggested quantitative poss ib i l i t i e s , 

223. A CONTINUOUS MONITOR FOR AIRBORNE 
PLUTONIUM. D. C. Col l ins . DP-188, Nov 1956. 

A Pu monitor is descr ibed that can opera te for one week 
without attention. It can detect the maximum amount of 
Pu pe rmis s ib l e in air within 10 min and g r e a t e r amounts 
in 2 min. 

224. A COLORIMETER FOR IN-LINE ANALYSIS OF 
URANIUM AND PLUTONIUM SOLUTIONS. 
D. W. Colvin. DP-461 , March I960. 

The co lo r imete r descr ibed can be used for continuous 
analysis of U and Pu n i t ra te solut ions. The combined 
noise and drift causes an e r r o r of ±1%, but other fac
to r s such as acidity, t e m p e r a t u r e , and turbidity can 
cause e r r o r s of 15-20%. 

225. THE COORDINATION CHEMISTRY OF THE 
ACTINIDES. A. E. Comyns. Chem. Rev. .60, 
115-46 (I960). 

A comprehensive survey is p resen ted of coordinat ion 
compounds formed by Ac, Th, U, Pa , Np, and Pu with 
organic l igands, both in solid state and in solution. 

226. OXIDATION POTENTIALS OF THE Pu(m) -Pu( lV) 
AND Fe(U)-Fe(IIl) COUPLES IN PERCHLORIC 
ACID SOLUTION-HEAT CONTENT AND EN
TROPY CHANGES. R. E. Connick, W. H. McVey. 
J . Am. Chem. Soc. 73, 1798-1804 (April 195l). 

A formal potential scheme for Pu( in ) -Pu( lV) , Pu(Vl) 
oxidation s ta tes in IM HCIO4 was der ived. Entropy 
values for ions Pu"*"* and PuOj"'' co r respond very closely 
to those for the corresponding ions for U. 

227. OXIDATION POTENTIAL OF THE Pu(m)-Pu( IV) 
COUPLE IN PERCHLORIC AND HYDROCHLORIC 
ACID. R. E. Connick, W. H. McVey. J . Am. 
Chem. Soc. 74, 1341 (1952). 

The formal potential scheme in IM HCl @ 25°C is 

Pu(lll) -0.969 Pu(lV) -1.052 Pu(Vl) 

-1.024 

The anomaly of a m o r e negative potential for the 



Pu(lIl)-Pu(Vl) couple in HCl than in HCIO4 is thought 
to a r i s e from an e r r o r in the Pu(in)-Pu(lV)-Pu(VI) 
equil ibrium constant caused by reduction of Pu(lV) to 
Pu(lll) by products of alpha pa r t i c l e s . 

228. DISPROPORTIONATION EQUILIBRIA AND 
RATES IN HCl SOLUTIONS OF PLUTONIUM. 
R. E. Connick. W. H. McVey. J, Am. Chenn. 
Soc. 22. 474 (1953). 

Previous data given have been co r rec t ed for the effects 
of alpha pa r t i c l e s . A fifth-power dependence on (H ) 
was obtained for Pu(IV) in HCl. An assumption of 
small amounts of complexing of Pu(lII) by chloride ion 
appears valid, 

229. THE PEROXY COMPLEXES OF Pu(lV). 
R. E . Connick, W. H. McVey. J. Am. Chem. 
Soc. 2 1 , 1534 (1949). 

Two peroxy-complexes of Pu(IV) a re identified. The 
equilibria were m e a s u r e d spec t rophotometr ica l ly . 
One complex is brown, while the other is red . 

230. MECHANISM OF DISPROPORTIONATION OF 
Pu(V). R. E. Connick. J . Am. Chem. Soc. 2 i . 
1528 (1949). 

The mechanism for disproport ionat ion of Pu(V) into 
Pu(Vl) and Pu(lV) or Pu(lII) is expected to proceed by 
either of two possible mechan i sms . The impor tance 
of the mechanism in the reduction of Pu(Vl) is 
discussed. 

231. THE REDUCTION OF Pu(Vl) BY NITROUS ACID. 
R. E. Connick. BC-71 , Sept. 1, 1946. 

In nitric acid solutions, Pu(Vl) is rapidly reduced to 
Pu(V) until an equilibrium between Pu(V), Pu(Vl), 
HNO2, and NOj is established. The mechanism of r e 
duction below this Pu"*"̂  oxidation state is d i scussed . 
In sulfuric acid, the equil ibrium is rapidly es tabl ished 
with reduction below Pu"*"̂  being faster than in HNO3 
solutions. 

232. PROPERTIES OF REFRACTORY NUCLEAR 
MATERIALS. M. Comstock. TID-3906, 
Feb. 17, I960. 

A bibliography of the p roper t i e s of the ca rb ides , n i 
t r ides , oxides and si l icides of U, Pu, and Th is 
presented. 

233. SOME EXPERIMENTS ON THE POLAROGRAPHY 
OF PLUTONIUM(VI) IN COMPLEXING MEDIA. 
G. P . Cook. J . K. Fo reman , E. F . Kemp. Anal. 
Chim. Acta 19, 174-9 (1958). 

The dropping nnercury electrode for reduction of any of 
valence states of Pu is precluded by the values of the 
revelant formal oxidation potentials , which a r e +0.9 V 
and above. Two general approaches a re suggested: 
anodic polarography in nonconnplexing nnedia, or the 
use of complexing agents . Thus the potential is moved 
into the working region of the dropping m e r c u r y 
electrode. 

234. THE DETERMINATION OF THE PLUTONIUM 
CONTENT OF URINE (PHOSPHATE METHOD). 
G. P . Cook, O. Jones . I G O - A M / W - 6 8 , 
Sept. 19, 1952. 

A solution of calcium phosphate in n i t r i c acid is added 
to the u r ine . Pu is coprecipi tated on Ca and m a g n e 
sium ammonium phosphates after addition of ammonia . 
The ignited prec ip i ta te is dissolved in acid, and the Pu 
along with added iron is extracted as cupferr ide with 
chloroform. The alpha activity is de te rmined on a 
scinti l lat ion counter . 

235. URANIUM ANALYSIS BY GAMMA ABSORP
TIOMETRY. R. E. Connally, U. L, Upson, 
P . E. Brown, F . P . B r a u e r . HW-54438, 
May 20. 1958. 

A nondestruct ive 7 - abso rp t i ome t r i c method is p r e 
sented. Pu and other solutions can be analyzed. 

236. EUROCHEMIC ASSISTANCE: ANALYTICAL-
ANSWERS TO SPECIFIC QUESTIONS. L. T. Cor-
bin. C F - 5 9 - 1 - 9 (Rev. 1). July 14, 1959. 

The spec t rochemica l , c a r r i e r dis t i l la t ion, liquid-liquid 
extract ion, and ion exchange of Pu a r e d i scussed . 

237. VOLATILE OXIDES OF SOME IMPORTANT 
MATERIALS USED IN NUCLEAR TECHNOLOGY. 
E. Cordfunke. In "Thermodynamics of Nuclear 
Ma te r i a l s . " Proceedings of an IAEA Symposium 
held in Vienna, May 21-25, 1962. 

Attention is given to the formation of the volatile oxides 
of U and Pu. 

238. DIRECT VOLUMETRIC DETERMINATION OF 
URANIUM AND PLUTONIUM IN NITRIC ACID 
MEDIUM. J. Corpel , F . Regnaud. In TID-7655. 
Proceedings of the Sixth Conference on Analytical 
Chemis t ry in Nuclear Reactor Technology held at 
Gatlinburg, Tenn., Oct. 9 -11 , 1962, pp. 240-246. 

The element is reduced with Ti(lll) solution in the 
p resence of sulfamic acid and t i t ra ted with Ce(lV). 
The method is rapid and accu ra t e . 

239. TITRATION OF PLUTONIUM WITH Ce(lV). 
J. Corpel , F . Regnaud. Anal. Chim. Acta 27, 
36-39 (1962). 

A method is descr ibed for t i t r i m e t r i c determinat ion of 
F e , U, or Pu in ni t r ic acid media . The element is 
reduced with Ti(lll) solution in the p resence of sulfamic 
acid, and t i t ra ted with Ce(lV) solution. 

240. PROCESS OF OXIDIZING PLUTONIUM. C D . 
Corye l l . U. S. Pa t . 2,901,315, Aug. 25, 1959. 

The oxidation of Pu to the six valence state is de
scr ibed using argent ic oxide. 

241. A STUDY OF THE'POLYMERIZATION, DEPOLY
MERIZATION, AND PRECIPITATION OF TETRA
VALENT PLUTONIUM AS FUNCTIONS OF 
TEMPERATURE AND ACIDITY BY SPECTRO
PHOTOMETRIC METHODS: PRELIMINARY 
REPORT. D. A. Costanzo, R. E. B igge r s . 
ORNL-TM-585, July 1, 1963. 

It is c lear ly indicated that under conditions studied, the 
colloidal polynner fornnation is fornned by an inc rease 
in Pu concentration and t e m p e r a t u r e , or by a dec rea se 
in the acidity. The Pu(lV) colloidal polynner was also 
observed to precipi ta te in high concentra t ions of ni t ra te 
s a l t s . 



242. A TECHNIQUE FOR OBTAINING PARTICLE 
ACTIVITY AND SIZE DISTRIBUTIONS. M. Cowan, 
J r . SCR-296, Apri l 1961. 

An autoradiographic technique is desc r ibed for d e t e r 
mining the frequency dis t r ibut ion of pa r t i c l e s by the 
amount of radioact ivi ty per pa r t i c l e . Autoradiographs 
a r e obtained for s eve ra l different exposure tinnes 
from a geometry which, discounting se l f -absorpt ion , 
makes par t i c le s igna tures visible after exposure t i m e s 
that a r e inverse ly propor t ional to par t i c le activity. 

243. THE CHELATE PROCESS. H. W. Cranda l l , 
T. E . Hicks . In TID-2504 (Del.), Nuc lear Science 
and Technology, Volume 3, I s sues 1-4, M a r c h -
Dec 1953, pp. 157-173. 

The Chelate P r o c e s s was conceived to p romote the r e 
covery and purif ication of Pu from dilute aqueous solu
tions of i r r a d i a t e d - u r a n i u m fuels by solvent ext rac t ion 
with thenoyltr i f luoroacetone (TTA) in an organic diluent. 
The basic chemis t ry , k ine t ics , ext rac t ion mechanisnns , 
and exper imental data of the systenns studied are 
reviewed. 

244. THE SOLVENT EXTRACTION OF Pu(lV) BY 
TRIFLUOROACETYLACETONE. H. W. Cranda l l . 
J . R. Thomas , J , C Reid. CN-2657, Jan . 15, 1945. 

Cer ta in var iab les of the ext ract ion step of the proposed 
solvent-ext rac t ion p r o c e s s using TFA have been in
vest igated. It was observed that the ext ract ion coeffi
cient ro se to a nnaximum, and then t h e r e was a d e c r e a s e 
due to a change in TFA in a 2-minute per iod. After 
15-20 minutes , a slow reduct ion of Pu(lV) to Pu(lll) 
was observed. Reproducible values of the ext ract ion 
coefficient were de te rmined under a var ie ty of 
conditions. 

245. OXIDATION OF Pu(lV) TO Pu(Vl) IN SOLUTIONS 
OF NITRIC ACID, ALUMINUM NITRATE, SO
DIUM NITRATE, AND URANYL NITRATE. 
I . H . C r o c k e r . CRDC-697, May 1957, 

This repor t de sc r ibe s the effects of t e m p e r a t u r e , Pu 
concentrat ion, n i t r ic acid concentra t ion, and n i t ra te 
ion concentrat ion on the oxidation of Pu(lV} to Pu(Vl). 

246. PAPER CHROMATOGRAPHIC ANALYSIS OF 
IRRADIATED URANIUM IN A HYDROFLUORIC 
ACID MEDIUM. C. E . Crou thamel , A. J . Fudge. 
J . Inorg. Nucl. Chem. 2 . 240-4 (1958). 

C s ' " B a ' " , Ce '* ' . Nb«, N b " , Z r " . Z r " , T e ' " , S r ' ° . 
Y^\ M o " , T c " , N p " \ P u " ^ A m " ' , P a " \ T h " ^ Ru" '^ 
and Rh ' ° ' were identified in paper c h r o m a t o g r a m s 
made from fluorides made from ni t ra te resul t ing from 
dissolution of i r r ad ia t ed UjOg in HNOj. 

247. PLUTONIUM BEHAVIOR IN THE FLUORIDE 
VOLATILITY PROCESS. R. A. C r o s s , C L. 
Whi tmarsh . C F - 5 9 - 9 - 5 , Sept. 3, 1959. 

An investigation of Pu behavior as the Pu(Vl) fluoride 
in the F luor ide Volatili ty P r o c e s s . 

248. THE DETERMINATION OF CARBON IN PLUTO
NIUM METAL, ALLOYS, OXIDES. AND CAR
BIDES. D. C r o s s l e y , G. Ph i l l ips . AERE-R-3790 , 
Sept 1961. 

The C is converted to CO; by combust ion at high 
tennperature in a s t r e a m of oxygen, and the CO; evolved 
is nneasured ei ther nnanonnetrically, by m e a n s of i ts 
p r e s s u r e in a known volunne, or g rav ime t r i ca l ly , after 
absorpt ion on soda a sbes tos . 

249. A MANOMETRIC METHOD FOR THE DETER
MINATION OF MACRO QUANTITIES OF CARBON 
IN PLUTONIUM AND URANIUM CARBIDES. 
D. Cros s l ey , E . F o s t e r . AERE-R-4359 , May 1963. 

A method is descr ibed that can theore t ica l ly be applied 
to the carbide of any actinide elennent. The carbon 
dioxide produced by combustion is m e a s u r e d by o b s e r v 
ing i ts p r e s s u r e in a known volunne at room tennper
a tu r e . At the lOO-mg level of carbon dioxide, the 
prec is ion is 0.3%. 

250. THE ANALYSIS OF COMPLEX MIXTURES OF 
ELEMENTS RESULTING FROM THE IRRADIA
TION OF FISSILE MATERIALS. E. A. C Crouch, 
G. B. Cook. J. Inorg. Nucl. C h e m . 2 j 223-8 
(April 1956). 

A scheme for the separa t ion of complex mix tu re of 
mainly f iss ion-product e lements on the sennimicro 
scale is descr ibed . 

251. THE EVAPORATION OF PLUTONIUM FROM 
SMALL PIECES OF URANIUM REACTOR F U E L . 
D. Cubicciott i . NAA-SR-1057, Oct. 15, 1954. 

The evaporation of Pu from U containing initially 
about 0.01% Pu has been m e a s u r e d at 1600 and 1680''C. 
The re su l t s show that the ra te of evaporat ion follows 
the equation based on Raoul t ' s Law. 

252. THE VOLATILIZATION OF TRACER PLUTO
NIUM FROM MOLTEN URANIUM METAL. 
D. Cubicciott i . NAA-SR-242, April 30, 1953. 

The ra te of volati l ization of Pu fronn mol ten U in 
vacuum has been studied at 1495, 1600, and 1680''C. 
The feasibility of l a r g e - s c a l e recovery of Pu from U 
by volati l ization is cons idered . 

253. REPROCESSING OF FUEL AND BLANKET 
MATERIALS BY SOLVENT EXTRACTION. 
F . L. Cul ler , £ t a l . Chem. Eng. P r o g . 2 i . 
450-60 (1955). 

Chemical process ing flowsheets involving separa t ion 
of Pu from natural U, of enriched U from Al and other 
diluents and cladding m a t e r i a l s , and separa t ion of U , 
Pa , and Th, a r e reviewed. 

254. THE PURIFICATION OF PLUTONIUM BY A 
• THENOYLTRIFLUOROACETONE (TTA) PROCESS. 

J . G. Cuninghame, C L. Mi les , J. Appl. Chem. 
(London) I , 72-81 (1957). 

Pu mus t be ext rac ted in the +4 s ta te . The ext ract ion 
and back ext ract ion a r e slow. Reduction of Pu(lV) is 
fast but the reduction of Pu(Vl) is slow. Data a r e also 
given for purification of Pu from U, Z r , Ru, F e , and C r . 

255. THE SEPARATION OF PLUTONIUM BY EXTRAC
TION WITH THENOYLTRIFLUOROACETONE 
(TTA). J . G. Cuninghame, G. L. Mi le s . J . Inorg . 
& Nuclear Chem. 3, 54-63 (1956). 



Distr ibution ratio data a r e given along with factors 
affecting them. Values have been calculated for the 
equil ibrium constant of the so lvent -ext rac t ion react ion 
for P u + \ 

256. THE PURIFICATION OF PLUTONIUM BY A 
THENOYLTRIFLUOROACETONE (TTA) 
PROCESS. J . G. Cuninghame, G. L. Mi les . 
J . Appl. Chem. (London) 2 , 72-81 (Feb 1957). 

The extraction of Pu by TTA in the p re sence of im
puri t ies is d iscussed and data a re presen ted for the 
extraction of U, Z r , Ru, F e , and Cr . 

257. METHODS OF COATING WITH PLUTONIUM 
ACETYLACETONATE AND COATED PRODUCT. 
B. B. Cunningham, C Smith, J . S. Dixon. U. S, 
Pat . 2,545,606, March 20, 1951. 

The Pu compound is volati l ized in a vacuum and con
densed on the cooled a r t i c l e . 

258. THE FIRST ISOLATION OF PLUTONIUM. 
B. B. Cunningham. L. B. Werner . J. Ann. Chem. 
S o c , 2 i . 1521-1528 (1949), 

The first isolation of pure Pu is descr ibed . Nuclear 
and chemical p roper t ies a re d i scussed . 

259. FLUORESCENCE SPECTRUM OF Pu^''' IN LaClj . 
B. B. Cunningham, D. M. Gruen, J . G. Conway, 
R, D, McLaughlin. J . Chem. Phys . 2A, 1275 
(1956). 

The fluorescence spect rum was detected in a c rys ta l of 
LaCls containing approximately 0.1% Pu^+. The f luores
cence was self-excited at roonn t empe ra tu r e due to the 
radioactivity of Pu^", but the self-excitat ion was much 
weaker than in the case of Am 

260. SEPARATION OF U(VI), Pu(Vl) AND Pu(lV) 
FROM Zr AND Nb ON A COLUMN OF SILICA 
GEL. D. Cvjeticanin. JENER-57 , Aug. 25, 1958. 

The chronnatographic method for the separa t ion of 
U(VI), Pu(Vl), and Pu(lV) from Zr '^-Nb'^ on a s i l i ca -ge l 
colunnn is descr ibed. These elennents can be separa ted 
from aqueous as well as from organic solutions. The 
method is based on the extract ion of U and Pu n i t ra tes 
with methyl isobutyl ketone containing HNO3 in the 
presence of sil ica gel, Zr'^-Nb''^ under the same con
ditions were retained by the si l ica gel. 

261. SEPARATION OF U AND Pu FROM Zr , Nb, Ru, 
AND Cs ON A COLUMN OF MANGANESE DI
OXIDE. D. Cvjeticanin, N. Cvjeticanin. 
JENER-54, April 11, 1958. 

It was established that it is quantitatively possible to 
wash UO^^ and Pu02 ^ from a column of manganese 
dioxide with O.IN HNO3. 

262. NONDESTRUCTIVE TESTING IN THE CONTROL 
OF NUCLEAR MATERIALS. R. W.McClung . 
CONF-80-4. Institute of Nuclear Mate r i a l s Man
agement Fourth Annual Meeting, Buffalo, N, Y., 
June 1963. 

The capabilities and l imitat ions of the se l f -emi t ted 
gamma and external radiation nnethods of measur ing 
the fuel content of nuclear m a t e r i a l s a r e reviewed. 

263. THE DETERMINATION OF PLUTONIUM IN 
URINE BY DIRECT PHOSPHATE PRECIPITA
TION AND AUTORADIOGRAPHY. J . C Dalton, 
PG-Repor t -284 , 1962. 

Development and use of a method for routine d e t e r m i 
nation of Pu in ur ine a r e desc r ibed . The quanti tat ive 
electrodeposi t ion of Pu is d iscussed and deta i l s a re 
given of the technique for the autoradiographic de t e r 
mination of the Pu content of the sources p r e p a r e d . 

264. DENSITOMETRIC DETERMINATION OF IRON IN 
PLUTONIUM. J. L. Daniel. HW-23080, 
Dec. 20, 1951. 

The visual method is said to be accura te within a factor 
of two. Fo r inc reased accuracy , the dens i tomet r i c 
method uses an in ternal s tandard and the dens i t ies of 
selected spec t ra l l ines of the s tandard and sample a re 
determined. Co is used h e r e as the in te rna l s tandard. 
The standard deviation for 213 ppm Fe was about 
17.7 ppm or ±8.3%. 

265. IMPROVED SPECTROGRAPHIC ANALYSIS OF 
URANIUM AND PLUTONIUM BY THE CARRIER 
CONCENTRATION METHOD. J . L. Daniel . 
HW-25859, Oct. 7, 1952. 

F r o m film studies of the emiss ion cha rac t e r i s t i c s of 
impur i t ies in U and Pu it was found that accuracy and 
prec i s ion could be improved by increas ing the c a r r i e r 
concentrat ion and using fixed arcing t ime for all 
sannples. 

266. THE BUILD-UP OF PLUTONIUM ISOTOPES BY 
IRRADIATION. W. G. Davey. A E R E - R / M - 1 1 8 
(LMFS/p-12) , March 1957. 

The c ha ra c t e r i s t i c s of a mix ture of Pu isotopes formed 
after long neutron i r r ad ia t ions of Pu^^' a r e es t imated. 
The effects of var ious neutron spec t r a a re considered, 
and general conclusions a r e drawn. 

267. THE CHELATE PROCESS VI. PROCESS FLOW 
INVOLVING o-DICHLOROBENZENE AS THE 
SOLVENT FOR TTA. M, W. Davis, J r . , T. E . 
Hicks, T. Verneulen. UCRL-I032, Jan 1951. 

Compara t ive studies of a s e r i e s of halogenated solvents, 
as c a r r i e r s for TTA (thenoyltrifluoroacetone) in the 
chelate p r o c e s s for Pu extract ion, indicate that or tho-
dichlorobenzene most near ly sat isf ies the requi rements . 

268. SEPARATION OF PLUTONIUM AND URANIUM 
FROM FISSION PRODUCTS. J . K. Dawson, A. E. 
Truswel l . Br i t i sh Pa t . 778,051, Nucl. Eng. Z. 
494 (Nov 1957). 

A simple nnethod of separat ing Pu and/or U, especially 
from Ru and Rh, cons is t s of t rea t ing the me ta l or conn-
pound with a gaseous fluorinating agent (hydrogen 
fluoride; chlorine t r i f luor ide; bromidet r i f luor ide) in 
adnnixture with 2 to 10% of a gaseous oxidizing agent 
(air ; oxygen). 

269. SEPARATION OF FISSION PRODUCTS FROM 
URANIUM OR PLUTONIUM OBTAINED FROM 
ATOMIC REACTORS. J . K. Dawson, H. A. McKay. 
German Pat . 1,058,747, June 4, 1959. 



An excess of U or Pu is allowed to reac t with a mel t 
of alkali m e t a l chlor ide (at 1200°) containing PbCl; , 
until all PbCl2 is reduced to meta l l i c P b . Then Mg o r 
Al is added in smal l e x c e s s , so that meta l l i c U or Pu 
is r egenera ted and can be separa ted from the mel t . 

270. ELECTRONIC STRUCTURE OF THE HEAVIEST 
ELEMENTS. J . K. Dawson. Nucleonics 10, No. 9, 
39-45 (1952). 

Magnetic susceptibi l i ty of Th, Pa , U, Np, Pu, Am, and 
Cm a re reviewed. Elec t ronic configurations a r e sug
gested. The proper ty that de t e rmines the lowest level 
seems to be the number of unpaired e lec t rons r a the r 
than the atomic number . 

271. SOLUBILITIES OF SOME PLUTONIUM COM
POUNDS. J . K. Dawson. A E R E - C / M - 9 2 , 
Nov 1950. 

Approximate solubil i t ies of Pu(lV) and Pu(VI) n i t r a t es 
in butex and Pu(Cr04)2 in water and (NH4)2Cr04 solu
tions a r e given. 

272. THE SUBLIMATION TECHNIQUE FOR THE 
PREPARATION OF THIN FILMS OF PLUTO
NIUM. J . K. Dawson. A E R E - C / R - 8 6 1 . Thin 
F i l m s ; a Symposium sponsored by the Chemis t ry 
Division, AERE, Harwel l , March 14-15, 1951. 

Pu(N03)4 is pipetted onto a Ta filament. Ammonium 
salts a re dr iven off at 1000''C with the collecting t ray 
swung out of posit ion. U, Pu, Am and Cm connpounds 
were also t r i ed . 

273. THE FLUORIDE-HYDROXIDE CYCLE IN THE 
PURIFICATION OF PLUTONIUM. J . K. Dawson, 
R. Hurs t . A E R E - C / M - 8 0 (Rev.), 1957. 

Pu is purified by precipi ta t ing as KPuFg in a n i t r o 
cellulose tube by using 150 mg KF and 2 ml 48% HjEj. 

274. THE THERMOGRAVIMETRY OF SOME PLUTO
NIUM COMPOUNDS. J . K. Dawson, R. M. Ell iot t . 
A E R E - C / R - 1 2 0 7 , June 8, 1953. 

A Si02-spr ing balance was used for continuous weighing 
of 2- to 50-mg samples of Pu compounds during heating 
at a ra te of t e m p e r a t u r e r i s e of about 3°/nnin or at 
constant tennpera ture . 

275. THE PREPARATION AND SOME PROPERTIES 
OF PLUTONIUM FLUORIDES. J . K . D a w s o n , 
R. M. Ell iot t , R. Hurs t , A. E. Truswe l l . J . Chem. 
Soc. 558-64 (Feb 1954). 

Pu fluorides a r e p r e p a r e d by reac t ion of HF and PuO; 
or oxalate . Both t e t r a and t r i f luor ides of Pu p rec ip i 
tated from aqueous solution a r e hydra ted . Thernno-
g rav ime t r i c e r r o r s a r e desc r ibed for anhydrous fluo
r ides and the prec ip i ta ted f luor ides . Data a re also 
given for free energy of formation of plutonium 
te t ra f luor ide . 

276. THE HYDRATED TETRAFLUORIDES OF URA
NIUM AND PLUTONIUM. J . K. Dawson, R. W. M. 
D'Eye, A. E. Truswe l l . J. Chem. Soc. (London), 
3922-9 (Nov 1954). 

Methods for format ion have been investigated as well 
as the cell s t r u c t u r e s of the te t ra f luor ides of Pu and U. 

277. ELECTRODEPOSITION OF PLUTONIUM, AMER
ICIUM, AND CERIUM. V. B. Dedov, V. N. Kosy
akov. P r o c . Intern . Conf. Peaceful Uses Atomic 
Energy, Geneva, 1955,2- 369-73, United Nat ions . 
New York, 1956. 

Work on deposition of hydrous oxide filnns of the t r a n s -
u ran ides is p resen ted . Aqueous a lkanol-acetone media 
used for lanthanide e lect rode posi t ions were used . 

278. RADIATION DAMAGE OF ALPHA ACTIVE SUB
STANCES. R. W. M. D'Eye, L. E. J . R o b e r t s . 
A E R E - C / M - 3 0 6 , March 19, 1957. 

It is stated that a lpha-act ive chemical compounds 
undergo radiat ion damage both by alpha radiat ion and 
by recoil ing heavy a toms . This paper explores the 
possibil i ty of using shor t - l eve l a lpha-act ive r ad io i so 
topes to investigate radiation damages , by the i r in
corporat ion in i sos t ruc tu ra l inactive m a t e r i a l s . 

279. PLUTONIUM FLUORIDES. E. N. Deichman, 
I. V. Tananev. Radiokhimiya 4_, 66-73 ( l 96 l ) . 

Studies of plutonium te t raf luor ide solubility in sodium 
fluoride solutions indicated the formation of two com
pounds: NaPuFs and NajPuF^. It was also shown that 
the two compounds a re not readily soluble in NaF 
solution. 

280. PROPERTIES, TOLERANCE DOSES, AND DE
TERMINATION OF AEROSOLS HAVING a 
RADIOACTIVITY. G. Del ib r ias , J . Labeyr i e . 
J . Phys . Radium l±, 407-18 (June 1953). 

A rad iomet r ic method is used for determining ae ro so l s 
by collecting the ae roso l s upon a f i l ter . The a rad ia 
tion is measu red ei ther by a proport ional counter or 
by radioautography. 

281. APPLICATIONS OF CONTROLLED POTENTIAL 
COULOMETRY. W. L. Delvin, L. R. Duncan. 
HW-SA-2635, May 25, 1962. 

The broad capability of control led potential coulometry 
is shown by reviewing analytical methods for r ad io 
active and nonradioactive m a t e r i a l s . Methods a r e 
given for the coulometr ic de terminat ion of Pu, U, F e , 
Pb, n i t r a te , Au, Cd, Cu, Tl, and Np. 

282. A DEMONSTRATION OF DETERMINING PLU
TONIUM IN URANIUM BY CONTROLLED P O 
TENTIAL COULOMETRY. W. L. Delvin, L. R. 
Duncan. HW-71435, Oct. 24, 1961. 

The rel iabil i ty of controlled potential coulometry for 
determining Pu in U is demons t ra ted . 

283. MICROACTIVATION ANALYSIS FOR OXYGEN 
IN THE ACTINIDE METALS. A. C Demildt . 
Anal, Chem. 22 . 1228-30 (Aug 1963). 

He^ activation analysis was found ideal for oxygen de 
te rmina t ion . It is es t imated that O can be de te rmined 
in as low a concentrat ion as 0.001% in a few m i c r o 
g r a m s of m a t r i x m a t e r i a l . In ter ference by bombarding 
or activation of other e lements can be part ly r e s t r i c t e d 
by controll ing the bombarding energy of the He"* p a r 
t i c l e s . This makes the method applicable to the ana l 
ys i s of fissionable ac t in ides . 



284. SOME INVESTIGATIONS ON PLUTONIUM 
METAL. E. Dempsey, A. E . Kay. J . Inst , Metals 
86, 379-84 (1958), 

The possibil i ty of a Pu specimen dis integrat ing owing 
to the production, from radioact ive decay, of He within 
its volunne is d iscussed . 

285. SOLUBILITY PRODUCT OF PLUTONIUM(IV) 
DIPHOSPHATE AND ITS SOLUBILITY IN CER
TAIN ACIDS. R. G. Denotkina, A. I. Moskvin, 
V. B. Shevchenko, Zhur . Neorg. Khim. 5_, 
805-10 (April I960). 

The solubility of Pu(HP04)2'XH20 was de termined in 
HCIO4 and HNOj at constant ionic s t rength and var iable 
acidity up to 2.ON hydrogen ion. The solubility product 
was found to be 2 x 10"^^. A compar ison with Th and U 
shows that plutonium(lV) diphosphate is the leas t sol 
uble as would be expected with the dec rea se in ionic 
radius in the s e r i e s Th - Pu. 

286. AUTOMATIC ANALYSIS IN NUCLEAR TECH
NIQUES. P . Desneiges . Chim. Anal. No. 3, 
120-6 (March I960) and No. 4, 195-9 (April I960). 

The automatic equipment for the continous analysis of 
Pu and U in i r rad ia ted U after dissolution in HNOj 
and extraction is descr ibed. The sample solution is 
evaporated in a cup and alpha-counted. 

287. A SURVEY METER FOR URANIUM AND P L U 
TONIUM. A. H. Dexter . DP-62 , Nov 1954. 

A meter is described that will dist inguish between U 
and Pu contamination on the basis of the range of the 
alpha par t ic les in a i r . 

288. AN ION-EXCHANGE STUDY OF POSSIBLE HY
BRIDIZED 5+ BONDING IN THE ACTINIDES. 
R. M, Diamond, K. Street , J r . , G. T. Seaborg. 
J. Am. Chem. Soc. 16_. 1461 (1954). 

The elution behavior of actinides and some r a r e ear ths 
with HCl on Dowex 50 cation res in is studied. These 
elutions indicate that in high HCl the actinides may form 
complex ions with chloride ion to a g rea te r extent than 
the lanthanides, 

289. BIBLIOGRAPHY OF PLUTONIUM AND ITS COM
POUNDS. J. Dirian, et al. CEA-796, Jan 1958. 

Analysis and chemical p roper t i e s a re included. 

290. METHOD OF PREPARING COMPLEXES OF P L U 
TONIUM WITH DIKETONES. J, S, Dixon, J . J . 
Katz, E. F . Orlemann. U. S. Pat . 2,989,556, 
June 20. 1961. 

A method is presented for separat ing Pu from an aque
ous alkaline solution by precipi tat ing with a ^ diketone 
or extracting into a solution of ^ diketone in an organic 
water immiscible solvent. 

291. PURIFICATION OF PLUTONIUM BY CATION 
EXCHANGER, Z. I. Dizdar, D. H. den Boer . 
J. Inorg. Nucl. Chem. 2 . 323-5 (1956). 

Pu"'"'''"'', further purifiable, was eluted from a Dowex 50 
column by 1.5N HNO3 or HCl with good separa t ion from 
UÔ "*", and NjH^. 

292 DETECTION OF PLUTONIUM CONTAMINATION 
IN HUMANS BY THE AUTORADIOGRAPHIC 
METHOD. N. L. Dockum, E. J . Coleman, G. Vogt. 
HW-51754, 1957. See also Stain Technol . 2^ , 
137-142 (1958). 

An autoradiographic technique, which is m o r e sensi t ive 
than chemical analyses and counting techniques , is de
scr ibed for detecting Pu contamination in human skin, 
f ingernai ls , and sputum and in a pigskin biopsy sample . 

293 THERMAL ANALYSIS OF PLUTONIUM. L. G. 
Doom, R. Kamm. LA-639, May 28, 1944. 

The appara tus used for de terminat ion of t h e r m a l a r r e s t 
in Pu was essent ia l ly a vacuum furnace with means of 
obtaining a fairly constant ra te of t e m p e r a t u r e inc rease . 
A melting point of 627 ± 3°C was es tabl i shed. 

294. PLUTONIUM RECOVERY FROM CONTAMINATED 
~^' MATERIALS. E. Doud. HW-57288, Aug. 27, 1958 

and HW-58610, J an 1959. 
Incinerat ion of combustible m a t e r i a l and leaching of 
noncombustible ma te r i a l a re p rac t i ca l methods of r e 
covering Pu from contaminated w a s t e s . Es t imated r e 
covery efficiency is 90%. 

295. RESEARCH IN RADIOBIOLOGY. T . F . D o u g h e r t y . 
COO-222, Sept. 30, I960. 

Toxicity studies of Ra, Pu, Th, and Sr a r e summar ized . 
A repor t is given of the study of so f t - t i s sue - tumor in
cidence in beagles with long- t e rm in terna l , radionuclide 
burdens . 

296. STABILITY OF HEXAVALENT PLUTONIUM IN 
AQUEOUS SOLUTIONS. L. E . Drabkina, A. D. 
G e r m a n . Radiokhimiya 1, 136-40(1959) . 

Pu"*"̂  was found to be stable in IN HNO3 for one week or 
longer . Pu"*"̂  is reduced to lower valence s ta tes by oxa
la tes , pa r t i cu la r ly at lower ac id i t ies . 

297. COULOMETRIC TITRATION OF PLUTONIUM. 
A. B. Dreeben. AECD-3887, Feb . 17, 1953. 

In this method the re is an e lec t roreduct ion of Pu to 
Pu"^^ in a n i t r ic acid-sulfanic acid solution. Explora
tory exper iments in the sea rch for a coulometr ic t i t ra 
tion of Pu"''^ using electrolyt ical ly genera ted Ce ^ a re 
also desc r ibed . 

298. PLUTONIUM SEPARATION METHOD. 
J . L. Dreher , S. G. Thompson. U. S. Pa t . 
2,819,143, Jan . 7, 1958. 

An improved method is descr ibed for separat ing Pu 
from fiss ion-product contaminants . The p rocess con
s i s t s of t reat ing a ce r ium-g roup t r i f l u o r i d e - c a r r i e r 
prec ip i ta te containing reduced Pu with an acidic solu
tion containing ce r ic ion, which causes the precipi ta te 
to be dissolved and oxidizes the Pu to the hexavalent 
s ta te . 

299. EXTRACTION OF PLUTONIUM(IV) BY DIBUTYL
PHOSPHORIC ACID. P . H. D r e z e . G. Duyckaerts 
(Liege Universi ty) . EUR-436.f. 1963. 

The different p a r a m e t e r s affecting the ext rac t ion of 
ni t ra te solutions of Pu(lV) by organic dibutylphosphoric 
acid solutions in benzene was studied. A mechan i sm is 
proposed for the extract ion. 



300. THE PREPARATION AND PROPERTIES OF 
SOME PLUTONIUM COMPOUNDS. PART IV. 
CRYSTALLINE PLUTONIUM NITRATE. J . L . 
Drummond, G. A. Welch. J . Chem. Soc. 2565-7 
(1956). 

A gummy semic rys t a l l i ne solid phase i s formed when 
concentrated solutions of Pu*"*" in 1 to 4M HNO3 is evap
ora ted , the composit ion of which is not known. It was 
found that concentra ted solutions of Pu t e t r an i t r a t e in 
acid will deposit wel l - formed c rys t a l s when allowed to 
evapora te . 

301. A SEMI-MICRO THERMOBALANCE FOR PLU
TONIUM COMPOUNDS. J. L. Drummond, H. 
Chapman. TRG-Repor t -466 , Jan. 15, 1963. 

A sensi t ive thermobalance was designed for the study 
of oxidation and reduction reac t ions of mixed U-Pu 
oxides and for g rav ime t r i c de te rmina t ions of oxygen 
to meta l r a t ios . Weighings a r e reproducible to 
±0.02 mg at t e m p e r a t u r e s of 1300°C. With minor mod
ifications, the balance can be used for carb ides and 
n i t r ides . 

302. SOME ASPECTS OF THE MEASUREMENT OF 
THE OXYGEN-TO METAL RATIO IN SOLID 
SOLUTIONS OF URANIUM AND PLUTONIUM 
DIOXIDES. J . L, Drummond, V. M. Sincla i r . 
In TID-7655, P roceed ings of the Sixth Conference 
on Analytical Chemis t ry in Nuclear Reactor Tech
nology held at Gatl inburg, Tenn. . Oct. 9 -11 , 1962, 
pp. 217-239. 

Methods of measur ing the s to ichiometry of the oxide 
fuels include m e a s u r e m e n t of the carbon dioxide formed 
on reduction, the use of the hydrogen-oxygen redox 
cycles on a the rmoba lance , and the use of X- ray dif
fraction techniques . 

303. THE GRAVIMETRIC DETERMINATION OF P L U 
TONIUM AS OXIDE AT 1250°C. J . L. Drummond. 
I G O - A M / W - 6 4 , Dec. 18, 1956. 

The solution of the pure salt is fumed to d rynes s with 
HaSOi, and the Pu(S04)2 is ignited at 1250°C to s to ichi
omet r ic dioxide, which is not hygroscop ic . 

304. THE ABSORPTIOMETRIC DETERMINATION OF 
TOTAL PHOSPHORUS IN PLUTONIUM SOLU
TIONS (REDUCED PHOSPHO-MOLYBDATE 
METHOD). J . L. Drummond, C P . Cook. 
I G O - A M / W - 1 8 1 , 1958. 

Any organic phosphate p resen t is conver ted to phos
phoric acid by digestion with hydrobromic acid. The 
P is extracted into an amyl a lcohol /e thyl aceta te mix 
tu re as the phospo-molybdate connplex. Stannous chlo
ride is added to reduce the P to the phospho-molybdate 
complex, where it is de te rmined absorp t iomet r i ca l ly . 
The concentrat ion range is 0.02% and above with r e 
spect to Pu. The p rec i s ion at 3a c r i t e r ion is ±30% 
based on 23 de te rmina t ions at the 1.6-fig level by 
th ree o p e r a t o r s . 

305. THE PREPARATION AND PROPERTIES OF SOME 
PLUTONIUM COMPOUNDS. PART VII. P L U 
TONIUM CARBIDES. J . L. Drummond, B. J . 
McDonald, H. M, Ockenden, G. A. Welch. 
J , Chem. Soc. 4785-9 (1957). 

Methods a r e given for producing PuC and the se squ i -
carb ide PU2C3. Both carb ides a r e easily hydrolyzed by 
dilute acid and boiling water . Chennical and X- r ay 
evidence for existence of higher carb ides is shown -
but this has not been definitely identified. 

306. THE PREPARATION AND PROPERTIES OF SOME 
PLUTONIUM COMPOUNDS. PART VI. P L U T O 
NIUM DIOXIDE. J . L. Drummond, G. A. Welch. 
J . Chem. Soc. 4781-5 (1957). 

This paper gives method for p repar ing s to ich iomet r ic 
oxide and d i s cus se s the oxides formed by igniting plu
tonium sa l t s . The suggested formula is PuO2.00-2.09. 
depending on s tar t ing ma te r i a l and ignition t e m p e r a t u r e , 

307. METHOD OF SEPARATING TETRAVALENT 
PLUTONIUM VALUES FROM CERIUM SUB
GROUP RARE EARTH VALUES. R. B. Duffield, 
R, W. Stroughton. U. S. Pat . 2,872,287, 
Feb . 3, 1959. 

This method is based on the insoluble carbonate com
plex of Pu(lV) and the insoluble carbonate complexes 
of the Ce group upon the addition of an alkali meta l 
carbonate to a solution that has an adjusted pH of 
5.5-7.5. 

308. SULFIDE METHOD FOR PLUTONIUM SEPARA
TIONS. R. B. Duffield. U. S. Pa t . 2,847.274, 
Aug. 12, 1958. 

A p r o c e s s is descr ibed for recover ing Pu from i r r a 
diated U solutions. Such solutions a r e f irs t t r ea t ed 
with a soluble sulfide causing precipi ta t ion of Pu and 
U sulfides, along with those impur i t i es that form in
soluble sulfides. The prec ip i ta te is then t r ea t ed with 
carbonate ions , which will d issolve the U and Pu, 
leaving the f iss ion-product sulfides unaffected. After 
separa t ion from the res idue , this solution may be 
t rea ted by any of the usual methods , such as formation 
of a lanthanum fluoride prec ip i ta te , to effect separa t ion 
of Pu from U . 

309. DISSOLUTION OF PLUTONIUM CONTAINING 
CARRIER PRECIPITATE BY CARBONATE M E 
TATHESIS AND SEPARATION OF SULFIDE IM
PURITIES THEREFROM BY SULFIDE 
PRECIPITATION. R. B. Duffield. U. S. Pa t . 
2,894,812, July 14, 1959. 

The c a r r i e r lanthanum fluoride prec ip i ta te is d issolved 
in alkali me ta l carbonate , a soluble sulfide is added, 
and sulfide prec ip i ta te separa ted . An alkali me ta l hy
droxide is added and the prec ip i ta te is separa ted . 

310. KINETICS AND MECHANISMS FOR THE OXIDA-
TION OF TRIVALENT PLUTONIUM BY NITROUS 
ACID. E. K. Dukes. J . Am. Chem. Soc. 82, 9-13 
(Jan I960). 

The proposed mechan i sm for the oxidation of Pu(lll) by 
ni t rous acid involves N204 as an in te rmedia te in HNO3 
and NO''"* as an in te rmedia te in HCl or HCIO4. Studies 
were made with 10'^-10"^ mola r Pu, and the change in 
dis t r ibut ion coefficient of Pu into 30 v / o t r ibutyl phos 
phate was used to follow the reac t ion . Rate exp re s s ions 
and activation energies a r e given. 

311. THE HANDLING OF PLUTONIUM IN LABORA
TORIES: PRECAUTIONS. H. J . Duns te r , 
E. J . Bennell ick. Atomics 6, 312-20 (1955). 

http://PuO2.00-2.09


Laboratory facilities and p rocedures for handling Pu at 
levels up to 10 Cur ies a r e outlined. Glovebox operat ion 
and maintenance are d iscussed , and emergency m e a 
sures a re suggested. 

312. ADVANCES IN NUCLEAR ENGINEERING. VOL
UME I. J . R. Dunning, B. R. P r en t i c e , Eds . 
Pergamon P r e s s , New York, 1957. 

Pape r s a re presented on manufac ture , production, r e 
covery, and economics of nuclear fuels, spent-fuel 
process ing, plant-containment concepts and design, 
plant components, waste disposal , protect ion and safety 
m e a s u r e s , and radiation process ing . 

313. COPRECIPITATIONS OF ACTINIDES WITH THE 
' PEROXIDES OF OTHER ACTINIDES. G. A. 

Dupetit, A, H. W. Aten, J r . Radiochim. Acta. l_-

No. 1, 48 (Sept 1962). 

The coprecipitation of t r a c e r quantities of actinides 

with actinide peroxides were studied. 

314. ELECTRON-PROBE MICROANALYSIS OF 
PLUTONIUM-BASE ALLOYS. M. Dupuy, G. 
Moreau, D. Cala is . CEA-2292, 1963. 

The alloys a re p repared according to Scot t ' s method, 
decontamination, deposition of a formvar film, and in
troduction in the mic roprobe . L and M emiss ion 
spectra a re determined by rotating a quartz c rys ta l on 
the Rowland ci rc le and recording X-ray intensity ve r 
sus wave length. A 99 w/o Pu-Al alloy is used as the 
standard. 

315. THE ABSORPTION OF PLUTONIUM BY ANION 
RESINS. R. W. Durham, R. Mil l s . CEI-62 (Rev.) 
Oct 1961. 

Equilibrium experiments have shown Pu to be ab
sorbed from nitr ic acid onto an anion res in as a com
plex anion Pu(N03)^^. The amount of absorpt ion is 
dependent on the Pu and ni t r ic acid concentrat ions in ' 
the equilibrium solution, with a maximum at 7N to 
8N HNO3. 

316. CONCENTRATION AND PURIFICATION OF PLU
TONIUM SOLUTIONS BY MEANS OF ION EX
CHANGE COLUMNS. R. W. Durham, A. M. Aikin. 
CEI-55, Feb . 12, 1953, 

-^+^ The distribution of Pu"*"̂ , UO^^, and Fe'*'^ was studied on 
Dowex-50 from ni t r ic acid solutions, U can be com
pletely removed from Pu even when the initial concen
tration of U is very nnuch g rea te r than that of the Pu. 

317. TABLE OF CONSISTENT NUCLEAR DATA FOR 
UZ33̂  ^235^ j^^Y) P u " ' FOR 2200 M / S E C NEU
TRONS. P . A. Egelstaff, K. W. Morton, J. E. 
Sanders . A E R E - N P / R - 2 1 4 0 , Dec 1955. 

Data are presented for average number of neutrons 
emitted per fission; average nunnber of neutrons 
emitted per neutron absorbed; absorption c ro s s section; 
fission c ross section; fission c ro s s section and ra t io 
(62-6f) /6, = a. 

318. GAMMA MONITOR TO RAPIDLY ASSAY PLU
TONIUM IN PROCESS WASTES. F . Ell iott , 
G. W. Pea r son . Nucleonics ^ , No. 5, 78; 80-1 
(May 1963). 

A rapid nondestruct ive method that uses ganinrra spec
t roscopy to count this 0.4 MeV gan:ima emiss ion from 
Pu^" is descr ibed. Response is l inear up to 50 g, and 
a detection limit equivalent to 200 mg of Pu is readily 
achieved. Radiochemical assay shows the ins t rument 
to be accura te to ±30%. 

319 THE HOMOGENEOUS DECOMPOSITION OF 
• HYDROGEN PEROXIDE BY PLUTONIUM{IV). 

R. E. Elson. UCRL-6536, Sept. 11, 1961. 
The homogeneous decomposit ion of H P j by HNO, a„d 
by HNO, solutions (>1M) containing Pu( iy ) ; Pu(lV) and 
Pt ; Pu(lV) with Cu(II) and Fe(III); and Pu(IV) with Pt , 
Cu(II), and F e ( m ) as a function of t e m p e r a t u r e , is 
invest igated. 

3 20 MEASUREMENTS OF N FOR P u " ' SPECIMENS 
• CONTAINING SOME Pu"» AND OF THE E F F E C 

TIVE RESONANCE ABSORPTION INTEGRAL FOR 
P u " ° . B. G. Erozol imsky, I. E. Kutikov, Y. P . 
Dobrynin, M. I. Pevzner , L. S. Danelyan, S. S. 
Moskalev. J. Nucl. Eng. 4, No. 1, 86-90 (1957). 

Values of n (average number of neutrons emit ted per 
neutron captured) for P u " ' a r e given for specimens 
containing 0-16% Pu 

321 SEPARATION OF URANIUM, NEPTUNIUM, PLU-
' TONIUM, AND AMERICIUM BY REVERSED 

PHASE PARTITION CHROMATOGRAPHY. 
H. Eschr ich . KR-11 , Nov 1961. 

Reve r sed -phase par t i t ion chromatography was applied 
to the separa t ion of U, Np, Pu, and Am, using TBP as 
the stat ionary phase, and n i t r ic acid with and without 
reducing agents as the mobile phase . 

322. USE OF PLUTONIUM AS FUEL IN NUCLEAR 
REACTORS. EURAEC-130, Quar ter ly Rep. No. 4, 
Apr i l - June 1961, Societe Beige pour ITndustr ie 
Nucle'aire, B r u s s e l s , July 1961. 

F i r s t r e su l t s on Pu oxalate solubility show a minimum 
value of 21.9 mg P u / l . Continued work is repor ted on 
r e s e a r c h to es tabl ish the var ious factors affecting 
PuOz dissolution and purification of Pu sal ts by ion 
exchangers . Other work showed that Pu concentrations 
up to 10'^ g do not impede the f luor imetr ic determina
tion of U. 

323. THE USE OF PLUTONIUM AS FUEL IN NUCLEAR 
REACTORS. EURAEC-176, Quar ter ly Rep. No. 5, 
July 1-Sept. 30, 1961, Societe 'Beige pour ITndus
t r i e Nucle'aire, B r u s s e l s , Oct 1961. 

P repa ra t i on and dissolution of PuOj a re d iscussed. 
Also, the choice of e lec t rodes , effects of ca t a lyse r s , 
and reagent addition ra te in the potent iometr ic analysis 
of Pu a r e reviewed. 

324. USE OF PLUTONIUM AS A FUEL IN NUCLEAR 
REACTORS. EURAEC-670, Quar te r ly Rep. No. 10, 
Jan. 1-March 31, 1963, Societe 'Beige pour 
r i n d u s t r i e Nucle'aire, B r u s s e l s , May 1963. 

The development of PuOj, UOa, and mixed PuOz-UOg 
fuel e lements is reviewed. Analytical methods a re 
outlined along with separa t ion methods - pr incipal ly 
ion-exchange. 



325. ANION EXCHANGE SEPARATION AND SPEC
TROPHOTOMETRIC DETERMINATION OF 
MICROGRAM QUANTITIES OF RHODIUM IN 
PLUTONIUM-URANIUM FISSIUM ALLOYS. 
H. B. Evans , C A. A. Bloomquist , J . P . Hughes. 
Anal. Chem. 34, 1692-1695 (1962). 

M i c r o g r a m amounts of Rh a r e separa ted from the com
ponents of an EBR-II fuel alloy using Dowex 1 x 10 anion 
exchange r e s in . The Rh is de te rmined spect rophoto
met r i ca l ly as the red chloro complex. 

326. RECOVERY OF NEPTUNIUM^ 237 FROM SPECIAL 
HANFORD WASTES. H. B. Evans , W. B. Seefeldt, 
H. H. Hyman. ANL-4442, March 27, 1950. 

Np^'^ is r ecovered with mode ra t e success from eight 
batches of special Hanford Pu was te . The p rocedure 
used the behavior of Np(lV) to form highly solvent 
soluble n i t ra te complexes under conditions where 
Pu(lII) can be s tabi l ized. Some p re l imina ry work on 
an a l t e rna te -ba tch so lvent -ext rac t ion p r o c e s s utilizing 
the solvent inextractabi l i ty of Np(V) is also repor ted . 

227. THE PILOT PLANT DENITRATION OF PUREX 
WASTES WITH FORMALDEHYDE. T. F . Evans . 
HW-58587, Feb . 23, 1959. 

Studies of the reac t ion between HCHO and HNO3 in
dicate that a major port ion of the HNO3 can be readily 
removed from an acid solution containing n i t r a t es by 
adding HCHO, the HNO3 being des t royed with the p r o 
duction of predominantly gaseous products (NO2, NO, 
COz). The opera t ional behavior , HCHO uti l izat ion effi
ciency, and safety cons idera t ions were studied. 

328. TEST GROUP 57 RADIOCHEMISTRY. R. J . Ev
ere t t , R. W. Drake . SCTM-369-59(5 l ) , March 
I960. 

Results of Pu and U analysis of samples taken in the 
field from the Nevada Tes t Site devising Operat ion 
Plumbob are p resen ted . The chemis t ry of U and Pu , 
p rocedures involved, counting s t a t i s t i c s , e tc . , a r e 
d iscussed. 

329. PROCEDURE FOR THE DETERMINATION OF 
PLUTONIUM IN HUMAN URINE. L. B. F a r a b e e . 
MonH-218, Apri l 11, 1947. 

A di rec t precipi ta t ion of bismuth phosphate is made 
from the u r ine . The prec ip i ta te is dissolved and a r e -
precipi tat ion nnade. A regu la r LaF j is then made on 
dissolved p rec ip i t a te , followed by dissolut ion, then an 
oxidation of organic m a t t e r , and a final LaF3. The 
method yields 93.4 ± 2.4% and r e su l t s in excellent 
separa t ion from U, 

330. PRECIPITATION OF PLUTONOUS PEROXIDE. 
B. F . F a r i s . U. S. Pa t . 3,033,645, 1962. 

Hydrogen peroxide is added to am aqueous solution, 
containing Pu va lues , which is mainta ined at about 20 C 
The resul t ing plutonous peroxide-conta ining solution is 
then cooled to 0 to 10°C, maintained within this t e m p e r 
ature range long enough to promote sett l ing of the p r e 
cipi tate, and the plutonous peroxide and supernatant 
liquid a r e then sepa ra t ed . 

331. IMPROVEMENT IN DECONTAMINATION OF 
AQUEOUS ACIDIC SOLUTIONS CONTAINING 
PLUTONIUM AND FISSION PRODUCTS. 
B. F . F a r i s , H. K. S t r a s s e l . U. S. Pa t . 2.990,241, 
June 27, 1961. 

In bismuth phosphate c a r r i e r prec ip i ta t ions p r o c e s s 
for separa t ion of Pu and fission products , ce rous ions 
a r e added to solutions containing Pu * and m e r c u r i c 
ions to solutions of Pu'''^ p r io r to prec ip i ta t ion . 

332. METHOD OF FORMING PLUTONIUM-BEARING 
CARRIER PRECIPITATES AND WASHING SAME. 
B. F . F a r i s . U. S. Pa t . 2,875,022, F e b . 24, 1959. 

The lanthanum fluoride c a r r i e r prec ip i ta te is int imately 
washed with a 4-107o solution of sodium hydrogen su l 
fate at 10-95°C for 30-180 minutes . This t r e a t m e n t 
will nninimize the Pu losses in the supernatant from 
the peroxide precipi ta t ion. 

333. PILOT PLANT FOR PLUTONIUM EXTRACTION 
AT CHATILLON. RESULTS OF OPERATION. 
P . F a u g e r a s , P . Regnaut. Energie Nuclea i re \_. 
No. 3, 123-137 (1957). 

Main headings a r e as follows: Genera l i t i e s , Chemical 
P r o c e d u r e (decanning, dissolution, solvent ex t rac t ion-
TBP , concentrat ion of Pu, evaporat ion and s to rage of 
fission product) , e tc , 

334. PRECIPITATION OF PLUTONIUM(IV) OXALATE, 
J. F . F a c e r , J r . , K. M. Harmon, HW-31 186 (Del.) 
March 30, 1954. 

Conditions were determined for the precipi ta t ion of 
Pu(lV} oxalate from ni t r ic acid solut ions. The Pu oxa
late p rocess proved adaptable to use with seve ra l p r o 
cess solutions. Recommended p rocedures a r e 
descr ibed . 

335. SEPARATION OF PLUTONIUM FROM URANIUM. 
H. M. Fede r , R. L. Nuttal . U. S. Pa t . 2,917,382, 
Dec. 15, 1959. 

A p r o c e s s is descr ibed for extract ing Pu from i r r a 
diated powdered U nnetal by contacting it with mol ten 
Mg, which takes up the Pu and s e p a r a t e s the molten Mg 
from the solid U. 

336. AMMONIUM BISULFATE FUSION. APPLICATION 
TO TRACE ANALYSIS BY SPECTROCHEMICAL 
AND OTHER TECHNIQUES. C Fe ldman. 
Anal. Chem. 22. 1727-8 (i960). 

Application of the fusion technique was made to Pu, 
UF4, and N b - r a r e - e a r t h alloy ana lys i s . 

337. HOMOGENEOUS REACTOR CHEMICAL PRO
CESSING. D. E. Fe rguson . C F - 5 2 - 3 - 2 1 5 , 
Quar ter ly Report for the per iod ending March 31, 
1952. March 25, 1952. 

The development of this r eac to r has been based on a Pu 
producer using U02S04 heavy-water solutions as fuel. 
The genera l approach has been to study the application 
of t r ibutyl phosphate solvent ex t rac t ions to this sep
arat ion problem. 

338. THE DETERMINATION OF FLUORIDE IN P L U 
TONIUM METAL BY THORIUM TITRATION. 
W. S. Fe rguson . D. M. Newell . HW-27400, 
May 4, 1954. 



Before s team disti l lat ion of the fluoride, the bulk of 
the Pu is separa ted by precipi ta t ion of the sulfate. The 
fluoride in the dist i l late is t i t r a ted at a pH 3.2 with 
O.OOIM thorium ni t ra te using chrome azuro l -S indi
cator . Applied to samples containing 1-1.5 ppm, the 
recovery is 87%, and precis ion at 95% confidence is 
±0.65 ppm. 

339. THE QUANTITATIVE RECOVERY OF PLUTO
NIUM FROM LABORATORY RESIDUES. 
W. S. Ferguson. HW-2740I, March 18, 1953. 

Method is based on precipi tat ion of Pu(lV) hydroxide, 
Pu(lV) iodate, and Pu 8-hydroxy quinolate. P a r t i a l 
destruction of organic m a t t e r s with n i t r ic acid and 
meta thes is of chloride solutions to n i t ra te solutions 
are used singly and in combinations for the recovery 
procedures . 

340. A METHOD FOR DETERMINING THE DIFFUSION 
COEFFICIENT OF AN ALPHA EMITTER IN A 
SOLID. L. P . Fernandez . DP-727, May 1962. 

A method for determining the ra te of diffusion of alpha-
emitting nuclides in ion-exchange r e s in s was used to 
study the ra te of diffusion of the anions of Np(lV) and 
Pu(lV), which were absorbed fronn solutions of 
8M HNO3, in Dowex l -x4 and Pe rmut i t SK anion-
exchange r e s in s . 

341. PREPARATION OF HEXAVALENT PLUTONIUM 
AND ITS DETERMINATION IN THE PRESENCE 
OF TETRAVALENT PLUTONIUM. C F e r r a d i n i , 
J . Corpel. CEA-791, Feb 1958. 

Two methods were used to determine Pu(lV) and (VI); 
one method used spectrophotometry, the other used 
counting, after separat ion of the Pu(lV) in the form of 
fluoride in the presence of a c a r r i e r . Conditions a r e 
given for preparing pure Pu(Vl) by anodic oxidation at 
a Pt e lectrode. The eventual reductions were studied. 

342. PURIFICATION OF EXTRACTION SOLVENTS 
CONTAINING TRIALKYL PHOSPHATES AND 
USED IN SEPARATION OF URANIUM, THORIUM, 
AND PLUTONIUM. B. O, Field, E. S. Lane. 
Bri t ish Pat . 941,791, Nov. 13, 1963. 

Purification is by contacting the solvent with liquid 
organic amine (alkanolamines or alkylenediamines) , 
which does not substantially extract the t r ia lkyl phos
phate from the solvent. 

343. THE POSSIBLE USE OF PAPER CHROMATOG
RAPHY AND RADIOACTIVE REAGENTS IN 
ULTRAMICRO INORGANIC ANALYSIS WITH 
SPECIAL REFERENCE TO URANIUM AND P L U 
TONIUM. R. M. Fink, K. F . Fink. UCLA-30, 
June 14, 1949. 

344. SEPARATION OF PLUTONIUM FROM E L E 
MENTS HAVING AN ATOMIC NUMBER NOT 
LESS THAN 92. F . T. Fi tch , D. S. Russe l l . 
U. S. Pat . 2,852,338, Sept. 16, 1958. 

Triglycoldichloride per forms more effectively as an 
extractant when certain organic compounds such as 
benzaldehyde, saturated aliphatic aldehydes containing 
at least two C atoms, and cer ta in polyhydric phenols 
are present . 

345 THE ETHYLENEDIAMINE TITRATION: A P P L I 
CATIONS. III. H. F laschka , A. J . B e r n a r d J r . 
W. C. Broad. Chemis t ry Analyst 47, 52-6 (1958). 

Eighty re ferences a r e reviewed; thei r applicat ion to 
Pu{III) is d i scussed . 

346 AN X-RAY SPECTROMETRIC METHOD FOR 
DETERMINATION OF PLUTONIUM IN SOLUTION. 
D. S. Fl ikkema, R. V. Schablaske. ANL-5804, 
Nov 1957. 

X- ray emiss ion spec t romet ry can be extended to the 
determinat ion of Pu in solution using K and L X-ray 
emiss ion. The s tandard deviation of a single resu l t is 
less than 1% for a sample weight of between 0.4 and 
0.8 mg. 

347 PREPARATION AND PROPERTIES OF PLUTO
NIUM HEXAFLUORIDE AND IDENTIFICATION 
OF PLUTONIUM(VI) OXYFLUORIDE. A. E. Florin, 
I. R. Tannenbaum, J . F . Lemons . J . Inorg . and 
Nucl. Chem. 2., 368-79 (July 1955). 

A study of equil ibrium PUF4 + F2 X PuF^ has resu l ted 
in values of 11.5 kca l /mol and 7.8 e.u. for AH and AS 
in the t empe ra tu r e range 167-308°C. The solid com
pound produced when PuF^ is exposed to mois t a i r was 
identified as PUO2F2. The vapor p r e s s u r e , which cor
responds closely to that of UF^, has been m e a s u r e d 
from 0 to 63°C. The heat of sublimation was calculated 
to be 12,1 kca l /mo l , and the melt ing point was 50.7°C. 

348. FACTORS ESTABLISHING LIMITS FOR RELEASE 
OF EFFLUENTS FROM THE PLUTONIUM RE
CYCLE TEST REACTOR. R. F . F o s t e r , G, E. 
Backman, N. G. Wittenbrock, J. M. Skarpelos . 
HW-SA-2475. 

The pr incipal factors that must be cons idered in estab
lishing pe rmis s ib l e r e l e a s e r a t e s and how these factors 
influenced the select ion of operat ional guides for the 
aqueous and gaseous effluents from the Plutonium Re
cycle Test Reactor a r e d i scussed . 

349. THE CHEMICAL ANALYSIS OF TERNARY AL
LOYS OF PLUTONIUM WITH URANIUM AND 
MOLYBDENUM. E. F o s t e r , G. Ph i l l ips . 
AERE-R-3147 , Feb 1960. 

The Pu is separa ted from an acid solution of the alloy 
by absorpt ion as the n i t r a t e -complex on an anion ex
change res in . The Mo and U a re de te rmined in the 
column effluent without further separa t ion-U as the 
sulfate complex, and Mo as the thiocyanate complex 
using absorp t iomet r ic methods , 

350. POLAROGRAPHIC METHOD OF STUDIES OF 
COMPLEX PLUTONIUM OXALATES. V. V. Fomin, 
S. P . Vorol 'ev , M, A. Andreeva. Atomnaya 
Energiya 4, 57-62 (1958). 

Po la rographic studies were made of the composit ion 
and stabili ty of t r i - and t e t r a -va l en t Pu in oxalate 
solutions. 

351. EXTRACTION OF PLUTONIUM(IV) WITH TRI
BUTYL PHOSPHATE. V. V. Fomin, E. P . 
Maiorova, M, I. Krapivin, V. G. Yudina. In AEC-
t r -4457 , pp. 161-166. Trans la t ion of Zhur . Neorg. 
K h i m . l , No. 9, 2113-16 (1958). 



Data a r e p re sen ted to show that the deviation of the 
distr ibut ion-coeff icient logar i thm of te t rava len t Pu 
from l inear var ia t ions with the logar i thm of T B P , when 
all conditions a r e constant , is caused by the p r e s e n c e 
of inext rac table Am. 

352. DECOMPOSITION PLUTONIUM OXALATES BY 
INTRINSIC ACTION OF ITS OWN ALPHA RADIA
TION. V. V. Fomin, R. E. Kar tushova, T. I. Ru-
denko'. J . Nucl. Eng. 4, No. 2, 247-52 (1957). 

The autodecomposit ion r a t e s of Pu(III), (IV), and (VI) 
oxalates were studied in a ir and vacuum, light and 
dark, and varying t e m p e r a t u r e s . In the case of Pu(IV) 
and (VI) oxa la tes , the carbon monoxide formed p r o 
motes convers ion to Pu( in) and (IV) carbonates and 
oxides, or oxyoxala te-carbonate m i x t u r e s . 

353, THE TESTING OF A METHOD FOR DETER
MINING PLUTONIUM BY a-COUNTING IN THE 
PRESENCE OF STRONG CONCENTRATIONS OF 
SALTS OR OF URANIUM. A. M. Fonta ine , L. M. 
Baude-Melafosse , M. J . Cunq. CEA-1977, 1961. 

It is possible to de te rmine 10"^ ^g of Pu in the p r e s 
ence of 1.7 mg of uranyl n i t r a t e . 

354, THE DISTRIBUTION OF PLUTONIUM TRACER 
BETWEEN METALS AND THEIR MOLTEN 
HALIDES. VI. DISTRIBUTION OF PLUTONIUM 
AND URANIUM TRACERS IN THE MAGNESIUM 
METAL-HALIDE SYSTEM. B. J . Fontana. 
CK-1529, Feb . 21, 1944, 

Previous exper iments in this s e r i e s a r e desc r ibed in 
CK-942 and CK-1359. The equi l ibr ium constant, when 
equal to unity, indicates equal reducing power of the 
t r a c e r element and me ta l couple, while values g rea t e r 
than one indicate the t r a c e r e lement is m o r e e l ec t ro 
positive than the meta l couple. 

355, ACTIVATION ANALYSIS OF TRACE METALS IN 
SODIUM TRIPHOSPHATE - USE OF DOWEX A- 1 
FOR CHEMICAL SEPARATIONS. S. F o r b e r g , 
S, Lundgren. Anal. Chem. IZ, 1202-3 (1960). 

The excellent selectivity of Dowex A-1 for cations was 
found useful in the activation detect ion of t r a c e amounts 
of Cu and Ni in Na t r iphosphate . Samples of 0.5 g were 
i r rad ia ted to about 20 mc N a " activity and then d i s 
solved in 100 ml of H ;0 , pH 5, to which had been added 
5 mg each of the c a r r i e r s , Mn""^, Cu^+, and Ni^ . The 
solution was percola ted through approximately 10 cm 
of Dowex A-1 in a smal l ion-exchange column. The in
duced N a " and P " ac t iv i t i es , which cause interferjsnce 
with the weaker ac t iv i t i es , we re eluted f i rs t . Mn was 
displaced by a phthalate-buffered inactive Mn' solution 
to avoid in te r fe rence with the N i " act ivi ty. No p a r a m 
e t e r s seemed to be c r i t i c a l , and only mode ra t e r ad ia 
tion precaut ions were n e c e s s a r y . 

356. Ca EDTA AND THE EXCRETION OF PLUTO
NIUM. H. F o r e m a n , T. T. Truj i l lo , O. Johnson, 
C. Finnegan. P r o c . Soc. Exptl. Biol. Med. 89, 
339-42 (1955). 

In exper iments with r a t s injected intravenously with 
quadrivalent P u " ' in sodium c i t ra te solution, it was 
found Ca EDTA induced g r e a t e r Pu excret ion than did 
s imi la r ly admin i s t e red Zr c i t r a t e . 

357. PLUTONIUM ACCUMULATION FROM LONG-
TERM OCCUPATIONAL EXPOSURE. H. F o r e 
man, W. Moss , W. Langham. Health P h y s . Z^ 
326-33 (May 1960). 

Analysis of t i s sue aliquots of a Pu p r o c e s s ope ra to r 
who was exposed to P u " ' , largely via chromic low-
level inhalation for approximately 6 out of 11.5 y e a r s , 
showed that he had accumulated a body burden of 
approximately 0.018 /ic. Es t imat ions from urine assay 
ranged from 0.019 to 0.034 ^ c . The highest Pu con
centrat ion was found in pulmonary lymph nodes , fol
lowed by l iver , lungs, and bones . 

358. THE E F F E C T OF X-IRRADIATION ON THE AB
SORPTION OF PLUTONIUM IN THE GASTRO
INTESTINAL TRACT. H. F o r e m a n , J . Pos t , 
C. Finnegan. Radiation R e s e a r c h 2 , 267-9 
(Sept 1957). 

It is stated that t r ansu ran i c s a re poorly absorbed from 
the G. I. t r ac t ; this study concerns the physiological 
effects of t r ansu ran i c s in the G. I. t r ac t when exposed 
to large external i r rad ia t ion doses , for example under 
fall-out conditions. 

359. CLINICAL EXPERIENCES WITH RADIOACTIVE 
MATERLALS. H. F o r e m a n , W. Moss , B. C. 
Eus t l e r . Am. J . Roentgenol. Radium Therapy 
Nuclear Med. 12. 1071-9 (1958). 

Case repor t s a r e presented on one individual who r e 
ceived an internal dose of A m " \ on two individuals 
who accumulated Pu"^ internal ly , and on two individuals 
who received a body burden of Po 

360. APPLICATIONS OF CONWAY DIFFUSION TECH
NIQUE TO ANALYSIS OF RADIOACTIVE MA
TERIALS FOR IMPURITIES. J . K. F o r e m a n . 
The Analyst .83, 251-252 (1958). 

This technique, in which the t r a c e e lement is l ibera ted 
as a volatile compound, had seve ra l fea tures that favor 
its use for the analysis of radioact ive m a t e r i a l s . Spe
cific applications descr ibed were the de terminat ion of 
chemically combined N, CI, and S in Pu. 

361. THE DETERMINATION OF NICKEL IN P L U T O 
NIUM METAL. J . K. F o r e m a n , W. T. Appleton. 
WSL-R-44, Oct. 2, 1952, 

The marked difference in ion-exchange potential be
tween Pu"*"̂  and divalent Ni in dilute hydrochlor ic acid 
was utilized to secure a complete separa t ing of m i c r o 
g ram quanti t ies using cation r e s i n s . Selective elution 
of Ni was achieved using potass ium cyanide. 

362. THE NATURE AND STABILITY OF THE COM
PLEX IONS FORMED BY TER- , QUADRI-, AND 
SEXA-VALENT PLUTONIUM IONS WITH 
ETHYLENEDIAMINETETRA-ACETIC ACID. 
PART I. pH TITRATIONS AND ION-EXCHANGE 
STUDIES. PART n . SPECTROPHOTOMETRIC 
STUDIES. J . K. Fo reman , T. D. Smith. J . Chem. 
Soc. 1752-62 (April 1957). 

Poten t iomet r ic pH t i t ra t ion and cat ion-exchange s tudies 
have shown 1:1 chelates with EDTA and Pu'*'\ Pu**, and 
plutonyl ions. In the f irs t two c a s e s , complexes with 
ra t io of 2:1 a r e also formed. The stability constants 
for the 1:1 complexes of the three ions have been 



determined by a cat ion-exchange technique; the values 
of log K are Pu+^ 18.12; Pu"*"* 17.66; plutonyl 16.39. 

363. DETERMINATION OF PLUTONIUM AND URA
NIUM IN SCRUP DISSOLVER SOLUTIONS. 
R. W. Fos t e r , J . H. Cooper. ORNL-1854, 
July 14, 1955. 

Methods for determining Pu and U in highly rad io
active SCRUP dissolver solutions is presented . A 
combination of extraction and anion-exchange tech
niques were used for the separat ion of Pu and U. The 
final determination was made by potent iometr ic t i t r a 
tion methods . 

364. THE DETERMINATION OF THE OXIDATION 
STATES OF URANIUM, NEPTUNIUM AND PLU
TONIUM IN AQUEOUS MEDIA. S. C Fot i , E. C. 
Fre i l ing . USNRDL-TR-444, July 8, I960. 

The development, test ing, and application of a chemical 
procedure for determining the distr ibution of U, Np, 
and Pu among their respect ive oxidation s ta tes at 
t r ace r concentrations a re descr ibed. The separa t ions 
are about 95% clean. Recommendations for future 
investigations are given. 

265. PLUTONIUM DATA MANUAL. E. L. F r a n c i s . 
I G R - 1 6 1 ( R D / R ) , June 1, 1959. 

The best available unclassified data on the physical , 
mechanical , and chennical p roper t i e s of Pu and sonne 
of i ts alloys is presented . A list of re fe rences (37) 
cited is appended. 

366. THE ELECTROMAGNETIC SEPARATION OF 
PLUTONIUM ISOTOPES: OPERATIONAL EX
PERIENCE IN 1957. J. H. F reeman , K, J. Hill, 
M. L. Smith. AERE-R-3043, Aug 1959. 

A brief descript ion of the 90° sector e lectromagnet ic 
separator includes the actual machine, source unit, 
col lectors , and the associated e lec t r ica l and other 
serv ices . Separation experience and an analysis of 
machine and service failures and operator training 
problems are given. 

367. METHOD FOR THE REDUCTION OF PLUTO
NIUM AND ITS APPLICATION IN SEPARATING 
PLUTONIUM FROM URANIUM. F rench Pa t . 
1,220,061, Jan 1960. 

For separating Pu and U, a ni t r ic acid solution of 
Pu(lV) and U(IV) ions in tributyl phosphate is ext racted 
with an aqueous ascorbic acid solution; Pu(lll) ions a r e 
t ransferred to the aqueous phase. 

368. PROCESS FOR SEPARATING PLUTONIUM 
FROM URANIUM. French Pa t . 1,200,807, 
July 6, 1959. 

A par t i t ion-separat ion nnethod is descr ibed in which a 
solution of U and Pu ni trate in an organic solvent is 
sent through a column containing a finely divided c a r 
r ier which has adsorbed a second solvent that is sub
stantially imnniscible with the first one and 
preferentially dissolves the Pu connpound. The U is 
washed out with the organic solvent containing 0.34M 
HNO3, and the Pu is eluted with 1,15M HNO3, 

369 THE CHEMISTRY AND CRYSTAL CHEMISTRY 
OF HEAVY-ELEMENT COMPOUNDS, S. F r i e d , 
W. H. Zachar iesen . P r o c . In tern . Conf. Peaceful 
Uses Atomic Energy, Geneva, 1 9 5 5 , 1 , 235-44, 
United Nations, New York, 1956. 

The Ac(in), Th(lV), Pa(lV-V), U(lV,V,Vl), Np(lV,V.VI), 
Pu(m,IV,V,VI), Am(in,V,VI), and Cm(lll) oxidation 
s ta tes a re stable in aqueous solut ions, w h e r e a s the 
Th(l l ,n i ) , Pa(l l ) , U(III), Np(ll), Pu(l l) , Am(lI,IV), and 
Cm(lV) oxidation s ta tes exist only in so l ids . The U(III) 
and Np(lll) s ta tes a re hydrolytically s table in halide 
but not in chalcogenide compounds. The 5f s ta tes a re 
stable in aqueous solution and in c r y s t a l s , while the 
s ta tes possess ing 6d nonbonding e lec t rons dismulate 
in solution. The III, IV, V, VI, s ta tes form, r e s p e c 
tively, actinide, thor ide, protac t in ide , and uranide 
s e r i e s . Oxides, f luorides, ch lor ides , b rom i des , iodides, 
oxyhalides, m e t a l s , sulfides, oxysulfides, and some 
hydr ides , carb ides , and n i t r ides of these e lements a re 
reviewed. The chemical s i m i l a r i t i e s , valence, and 
ionic radii of the 4f and 5f e lements a r e compared . 
The c rys ta l chemis t ry of the VI, V, and II s ta tes is 
d iscussed, including bond lengths and bond s t rengths 
in PbU02(N03)3, K3UO2F5, CaUOjOa, MgUOaO^, UOOj, 
BaUOPa, KPuO^COa, UOaFz, and KmOaFa, predicted 
radica l radi i , and predicted and observed interatomic 
d is tances for ThO, ThS, PaO, UO, US, NpO, PuO, PuS, 
and AmO, and predicted values for RaO, RaS, PaS, 
NpS, AmS, AcO, and AcS, The predic ted and observed 
in tera tomic dis tances in AC2S3, PU2S3, Th2S3, U2S3, and 
NpjSj and the actinide effect a re d i scussed . 

370. THE SEPARATION OF NEPTUNIUM FROM PLU
TONIUM BY A VOLATILIZATION METHOD. 
S. F r i ed . ANL-4224, Nov. 23, 1948. 

The la:rge difference in vapor p r e s s u r e s of Np and Pu 
at 450°C pe rmi t s thei r separa t ion ( less than 10"^ mm 
for PUCI3 and about 10"^ m m for NpC^) by fractional 
sublimation. Separat ions of the o rde r of 3 x 10 have 
been obtained. 

371. THE HIGH ALTITUDE SAMPLING PROGRAM. 
VOLUME I. HASP PURPOSE AND METHODS. 
J . P . Fr iend , H. W. Fee ly , P . W. Krey, J . Spar, 
A. Walton. DASA-1300 (Vol. l ) , Aug. 31, 1961. 

High-flying long-range a i rcraf t were used to collect 
filter sannples of s t r a tosphe r i c a i r , to al t i tudes of 
70,000 ft, in a mer id ional sampling c o r r i d o r . More 
than 300 analyses were made of each of the hazardous 
nuclides Cs^^' and Pu. 

372. CONCENTRATION OF PLUTONIUM BY P R E 
CIPITATION OF THE IODATE FROM La(N03)3 
SOLUTIONS. B. A. F r i e s . CN-1881, 
Aug. 11, 1944. 

The La n i t r a t es obtained from nnetathesis of LaF3 are 
t rea ted with SO^, and the hydroxides of La and Pu are 
precipi ta ted, Pu(l03)^ is prec ip i ta ted fronn a n i t ra te 
solution of the hydroxides with a solubility of l e ss than 
5 mg Pu per l i te r . The La is separa ted from the 
Pu(Vl) as LaF3. The Pu is then prec ip i ta ted as 
K^PuFfc. 

373. THE POTENTIOMETRIC DETERMINATION OF 
PLUTONIUM. A. J . Fudge, A. J . Wood, M. F . 
Banham. AERE-R-3264 . April I960. 



The method used, in the range of 1-10 mg, Pu with a 
p rec i s ion of ±0.2%. The Pu in sulfate solution is r e 
duced to the (III) s ta te by adding chromous sulfate in 
IM sulfuric acid. The excess chromous is a i r oxidized 
until a steady potential is observed from the Pu calomel 
e l ec t rodes . The Pu(lII) is then oxidized with ce r ic sul 
fate del ivered from an agla m i c r o m e t e r syr inge bure t t e . 
A procedure is descr ibed for separa t ing Pu fronn in
ter fer ing e l emen t s . 

374. NONDESTRUCTIVE DETERMINATION OF PLU
TONIUM-239 IN CERAMIC FUEL ELEMENT 
P E L L E T S BY GAMMA SPECTROMETRY. 
A, J . Fudge, G. Phi l l ips , E. F o s t e r . AERE-R-
3838, Jan 1962. 

An investigation of the gamma spec t rum of pure Pu 
showed that the most energet ic gamma ray at 384 keV 
enabled a technique to be es tabl i shed for its nondes t ruc 
tive ana lys i s . The best p rec i s ion obtained with this 
equipment indicated that a batch of seven 10% PuOj in 
UO2 pellets were identical in composit ion within a 
variation of 0.3%, 

375. PREPARATION OF THIN ELECTRODEPOSITS 
OF ACTINIDES FROM AQUEOUS SOLUTIONS OF 
(ETHYLENEDIAMINE) TETRAACETIC ACID. 
J . Fuge r . Bull. Soc. Chim. Beiges 72, 134-41 
(1962). 

Fo r Pu deposits up to 300 /Jg/cm^ were obtained, but 
with a limiting yield of 7070, 

376. RELATIVE MEASUREMENT OF THE FISSION 
CROSS SECTION OF PLUTONIUM FOR SLOW 
NEUTRONS. M. Galula, B. J a c r o t , F . Ne t te r . 
Compt. rend. 239, 1128-30 (Nov. 3, 1954). 

The var ia t ion in fission c r o s s section of Pu with energy 
is de termined for slow neu t rons , giving a resonance 
near 0.3 eV, the half-width of resonance peaks being 
0.04 eV. 

377. SEPARATION OF URANIUM, PLUTONIUM AND 
FISSION PRODUCTS ON ZIRCONIUM PHOS
PHATE. PART I. ADSORPTION EQUILIBRIA 
AND KINETICS. I. Gal, A. Ruvarac . Bull. Inst . 
Nuclear Sci. "Bor is Kidr ich" (Belgrade) , 12, 
No. 1, 1-17 (April 1962). 

The dis t r ibut ion coefficients of UOJ^ P u O ; ^ Pu , 
Pu+*, Fe+^ C s ' " " ^ , Sr^°+^ Zr""*"*, N b " + ^ R u ' " . and 
Ce'"'"^^ were de te rmined in the sys tem Zr(P04)2HN03. 

378. EXTRACTION OF PLUTONIUM BY FORMATION 
OF INSOLUBLE SALTS. M. Ganivet. H W - t r - 5 3 , 
June 29, I960, a t r ans la t ion of CEA-1592. 

Three methods were studied for convert ing Pu(lV) into 
insoluble sa l t s , namely, the oxalic acid method, the 
8-hydroxy quinoline method, and hydrogen peroxide . 
The yield from 8-hydroxy quinoline was bes t , and 
< 5 nng/l i ter rennained in mothe r l iquor . 

229. METHOD OF OXIDIZING PLUTONIUM ION WITH 
BISMUTH ION. C. S. Garne r . U. S. Pa t . 2,917,362, 
Dec. 15, 1959. 

A method is p resen ted for oxidizing Pu from the t e t r a 
valent to the hexavalent s tate with bismuthate oxidizing 

380. RADIOASSAY OF URANIUM AND PLUTONIUM 
IN VEGETATION, SOIL AND WATER. E. L. 
Geiger. Health Phys . 2 , 405-8 (1959). 

The method is based on the ext ract ion of U and Pu 
from 4-6N ni t r ic acid in 507o n- t r ibu ty l phosphate in 
n - t e t r adecane diluent. Recovery is good enough to 
permi t d i rec t monitoring of the organic for alpha 
counting and pulse-height ana lys i s . 

381. ACUTE UPTAKE OF PLUTONIUM AND URA
NIUM FOLLOWING WOUND CONTAMINATION. 
E. L. Geiger , S. M. Sanders . P r o c . Health P h y s . 
Soc. 61-6 (1957). 

Ur inary excret ion of Pu during a 487-day per iod after 
an acute uptake by wound contamination was followed 
by the analys is of 99 u r ine s a m p l e s . 

382. DETERMINATION OF THE COMPOSITION AND 
INSTABILITY CONSTANT FOR OXALATE COM
PLEXES OF Pu*^ COMPOUNDS BY ION EX
CHANGE. A. D. Gelman, N. N, Mator ina , A. I. 
Moskvin. AEC- t r -3306 , a t rans la t ion of Atom
naya Energ . 4, 52-6 (1958). 

The complex formation of Pu"*"* was invest igated in 
oxalate solutions in the pH interval of 1.4-3.0. In the 
given pH range, the complex ions [Pu(C204)2]' and 
[Pu(HC204)^]' a re formed. The instabili ty constants 
a r e in sat isfactory agreement with those of the c o r r e s 
ponding complex ion obtained by the solubility method. 

383. THE COMPOSITIONS AND DISSOCIATION CON
STANTS OF THE EDTA COMPLEXES OF Pu(lll) 
AND Pu(V). A. D. Gelman, A. I. Moskvin. 
Atomnaya Energ . 2 , 162(1959). 

The ion-exchange method was used in complexing Pu(V} 
with EDTA. The same method was a lso used in com
plexing Pu(lII) with ethylenediamine t e l r aace t i c acid in 
a solution of pH 1.2-3.4. The o r d e r of complexing may 
be expressed by the sequence Pu(lV) > Pu(IIl) > PuOj^ 
> PuOj. 

384. CONDITIONS FOR THE FORMATION AND STA
BILITY OF OXALATE COMPLEX COMPOUNDS 
OF Pu(lII) IN AQUEOUS SOLUTIONS. A. D. Gel
man, N. N. Mator ina , A. J . Moskvin. Doklady 
Akad. Nauk SSSR U J , No. 1, 88-91 (1957). 

385. COMPLEX COMPOUNDS OF TRANSURANIUM 
ELEMENTS. A. D. Gelman, A. I. Moskvin, L. M. 
Zai t sev , M. P . Mefodeva. Moscow, Publishing 
House of the Academy of Sc iences , 224 pages , 
1961. 

The chemis t ry of Np and Pu complex formation in 
aqueous solutions, the synthesis and p rope r t i e s of com
plex compounds of t r i - , t e t r a - , and hexavalent Pu, and 
the formation of t ransplutonium element complexes in 
solutions a r e d i scussed , as well as var ious methods of 
extract ing and separat ing t r ansu ran ium e l emen t s . 

386. SPECTROSCOPIC STUDIES OF Pu+^ COMPLEX 
FORMATION AND STABILITY. A. D. Gelman, 
A. I. Moskvin. Atomnaya Ene rg . 2 , No. 10, 
314-16 (1957). 
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The complex formation of Pu ^ with C204^, C^Ol^, and 
CtH^Of^ ions as well as with Trylon B is proved by 
means of the spectrograph. 

387. ISOTOPIC ANALYSIS OF PLUTONIUM BY O P 
TICAL SPECTROSCOPY UTILIZATION OF THE 
LINE X = 6887.8 A. S. Gers tenkorn . Spec t ro
chim. Acta 18, 353-62 (1962). 

The line X = 6887.8 A is favorable for isotopic anal
ysis of samples formed with P u " ' and Pu^'*". 

388. ACTION OF HYDROGEN PEROXIDE ON TRI
VALENT AND TETRAVALENT PLUTONIUM IN 
HYDROCHLORIC ACID SOLUTION. A. S. Ghosh 
Mazumder, P . V. Balakrishnan, R. N. Singh. 
UCRL-trans-938{L), a t rans la t ion of Vijnana 
Par i shad Anusandhan Pa t r ika 2, 149-60 (1961). 

The ratio of Pu(lV) to Pu(lll) in this sys tem depends on 
H and CI ion concentrat ions and on the Pu concentra
tions. Studies a re made using a m i c r o t i t r i m e t r i c 
method for estimating Pu(lll) and H2O2 in the p re sence 
of each other in HCl. 

389. THE LANTHANUM FLUORIDE-POTASSIUM 
BROMATE METHOD OF ANALYSIS FOR PLU-
TONIUM(lII,IV), J . R. Gilbreath. CN-3678, 
Nov. 6, 1946. 

It is possible to obtain rel iable values for Pu(ll l) , (IV), 
and (VI) by using either potassium bromate or po tas 
sium dichromate as a holding oxidant. 

220. THE APPLICATION OF SOME ION EXCHANGE 
THEORIES TO THE ADSORPTION OF TRACE 
ELEMENTS. H . S . G i l e . HW-32461-TH, 
June 1955. 

Breakthrough curves and distr ibution rat ios were ob
tained for Pu"*"̂ , Cs , Sr, and Ce as t race elements from 
a U02(N03),-HN03 mat r ix sys tem onto Dowex-50 res in 
at several column lengths and flow r a t e s . 

391. APPARATUS FOR THE PREPARATION, ANAL
YSIS AND INVESTIGATION OF PLUTONIUM 
SOLUTIONS. D. E. Glanvik, D. W. Grant, G, L. 
Strachan. A E R E - C / R - 2 1 88, Feb . 28, 1957. 

The apparatus and glovebox employed in studies of 
thermal stability of Pu solutions a re descr ibed . Some 
new techniques are also descr ibed for evaporation, an 
arrangement for use of burette in such a box, and nneth
od for spectrophotonnetric measurennents at elevated 
t empera tu res . 

392. A METHOD FOR THE PREPARATION OF THIN 
FILMS OF PLUTONIUM AND URANIUM. 
K. M. Glover, P . Bor re l l . J . Nuclear Eng. 1, 
214-17 (Feb 1955). 

In this technique, the Pu or U is dissolved in a cel lu
lose lacquer. This lacquer is painted on the foils, or 
for fission counters , the foils a re dipped into this 
solution. 

393. THE IMPORTANCE OF SOLVENT EXTRACTION 
IN ATOMIC ENERGY. E. Glueckauf. Ind. Chim. 
Beige 22, 227-32 (1958). 

The separa t ion of U and Pu and thei r f ission p roduc t s , 
of Th and U and their fission products , of Hf and Zr , 
of Nb and Ta, and of the r a r e ea r ths and Pa a r e 
d iscussed. 

394. PROCESS FOR THE SEPARATION OF HEAVY 
METALS. J. W. Gofman, R. E. Connick, A. C 
Wohl. U. S. Pa t . 2,871,251, Jan . 27, 1959. 

A method is p resen ted for separat ing U and Pu from 
each other or together . The method is based on the 
fact that hexavalent Pu forms an insoluble complex 
precipi ta te with sodium acetate as does uranyl ion, 
while reduced Pu is not precipi ta ted by sodium aceta te . 

295. OXALATE PROCESS FOR SEPARATING E L E 
MENT 94. J. D. Gofman. U. S. Pa t . 2,867,640. 

A process is presented for separat ing Pu from U by 
precipi ta t ing thor ium oxalate under carefully controlled 
conditions of acidity and oxalate concent ra t ions . 

396. RESEARCH AND DEVELOPMENT PROGRAMS 
EXECUTED FOR THE DIVISION OF REACTOR 
DEVELOPMENT. QUARTERLY PROGRESS RE
PORT OCTOBER, NOVEMBER, DECEMBER I96I. 
S. Goldsmith, Ed. HW-73100, May 1, 1962. 

Resea rch and development on 17 p r o g r a m s a r e reported. 
These p rog rams include studies on bas ic p roper t i e s of 
Pu and U ce ramic m a t e r i a l s , Pu and U fuel-fabrication 
methods , phys ics , chemical p rocess ing of reac tor fuels 
and radioact ive waste m a t e r i a l s development, radiation 
effects on m a t e r i a l s , fuel-cycle analysis and advanced 
concepts , ins t rumentat ion, and nondestruct ive testing 
techniques . 

397. REDUCTION OF SOME ELEMENTS BY AN 
OXIDATION POLYMER. A. V. Gordievskii , 
E. V. Renard. Zh. P r ik l . Khim. 2 6 , 264-72 (1963). 

Fe "̂*", U^^, Cr̂ "*", Ag , and Pu* were reduced by means 
of a resorcinol-hydroquinone-HCHO (1:1:2) r e s in . The 
influence of acidity, concentrat ion, and flow ra te of the 
solution of the reducing ability of the r e s in was studied 
under dynamic conditions. The dynamic capacity of the 
r e s in d e c r e a s e s with increas ing concentrat ion of the 
reduced ions and with increas ing flow ra t e . Other flow 
r a t e s , concentra t ions , and the effects of each were 
given. 

398. THE CRYSTAL STRUCTURES OF PuAs, PuTe , 
P u P AND PuOSe. A. E . Gorum. Acta Grys t . 10, 
144 (1957). 

PuAs , PuTe , and P u P are of the NaCl type, i s o s t r u c 
tu ra l with the analogous U compounds. Some methods 
of p repara t ion and the s tabi l i t ies and calculated den
s i t ies of these compounds a r e given. 

299. TRIBUTYL PHOSPHATE PROCESSING OF Pu-Al 
ALLOY FUELS: PRELIMINARY INVESTIGATION. 
P . D. Goulden, R. W. Durham, V. Cor r iveau . 
CRDC-640(AECL-348), March 23, 1955. 

The par t i t ion coefficients for Pu(N03)^ between TBP 
and HNO3 solutions of Al(N03)3 were nneasured. The 
maxinnum coefficient for Pu was found in a sys tem 
0.45M Al(N03) and 5M ni t r ic acid. Bet ter decontamina
tion was obtained with 5% TBP if the organic phase was 
sa tura ted with Pu. 



400. A SIMPLE PREPARATION OF Pu(VI) SULFATE 
SOLUTIONS. D. W. Grant . J . Inorg. Nucl. 
Chem. 6., 69-71 (1958). 

This paper investigated the possibil i ty of complete 
oxidation of mac ro -concen t r a t i ons of Pu(IV) by ozoni
zation in the absence of ca t a ly s t s . The quantitative 
oxidation by ozone may be l imited to fairly dilute sul
furic acid solut ions, owing to the reduction of Pu(VI) 
by water at high sulfuric acid concen t ra t ions . 

401. THE HYDROLYTIC BEHAVIOR OF PLUTONIUM 
IONS IN SULFURIC ACID. D. W. Grant , D. E . 
Glanville. A E R E - C / R - 2 1 5 5 , May 1957. 

A the rma l reduct ion of Pu(VI) sulfate by wate r at 
elevated t e m p e r a t u r e s is r epor ted . The solubility of 
Pu(III) sulfate and the hydrolys is of Pu(IV) sulfate at 
elevated t e m p e r a t u r e s a r e invest igated with pa r t i cu la r 
reference to possible use in a homogenous r e a c t o r . 

402. STATE OF Pu" IN DILUTE NITRIC ACID SOLU
TIONS. V. I. Grebenshchikova, Y. P . Davydov. 
AEC- t r -4830 , a t r ans la t ion of Radiokhimiya _3, 
155-64 (1961). 

By seve ra l techniques (e.g., adsorpt ion on g lass s u r 
faces, u l t raf i l t ra t ion , centrifugation, migra t ion in an 
e lectr ic field), the following points were es tabl ished: 
at 6.8 X 10'° M, Pu""*" and pH 0-2 .8 , Pu** was presen t 
in solution as a t rue ion; at pH 2 .8-7 .5 , as a pseudo-
colloid; at pH 7.5- 12.0, as a t r u e colloid. 

403. ON THE STABILITY OF NITRATE AND CHLO
RIDE COMPLEXES OF PLUTONIUM(IV). 
I. Grenthe, B. Noren. Acta Chem. Scand. J_4, 
2216-29 (1960). 

The complexes were studied using the ca t ion-exchanger 
method of F r o n a e u s . The calculat ion method was ex
tended to sys t ems of the type M"''"-A", where the 
cent ra l ion, the f i rs t , second, and thi rd complexes can 
be absorbed on the ion exchanger , 

404. PLUTONIUM MONITOR FOR PUNCTURE 
WOUNDS. G. H. Gruber . DP-508 , Dec 1960. 

A scinti l lat ion counter with a noise level low enough to 
permi t counting of X - r a y s emit ted from Pu isotopes 
was developed for checking puncture wounds for Pu 
contamination. With this a s sembly , it is no longer 
necessa ry to cut out flesh s a m p l e s . 

405. MANUAL OF LOW-ACTIVITY ENVIRONMENTAL 
ANALYSIS. J . E. Guthr ie , W. E. Grummi t t . 
AECL-1745, May 1963. 

A s e r i e s of analyt ical s chemes for the m e a s u r e m e n t 
of Ba'*°, S r " , S r ' ° , C s ' " , l " ' , and P u " ' in var ious en
vironmental m a t e r i a l s is desc r ibed . 

406. SEPARATION OF THE VARIOUS OXIDATION 
STATES OF PLUTONIUM BY REVERSED-
PHASE PARTITION CHROMATOGRAPHY. 
R. Gwozdz, S. S iek ie r sk i . Nukleonika .5, 671-6 
(1960). See also NP-9695 . 

TBP was used as the s ta t ionary phase for the s e p a r a 
tion and de te rmina t ion of Pu+ ' , Pu**, Pu+ ' , and col
loidal Pu . Elution was c a r r i e d out with 0.3 to l.OM 
HNO3. 

407. MEASUREMENT OF PLUTONIUM DECONTAM
INATION. W. O. Haas . KAPL-M-WOH-2 , 
Nov. 17, 1950. 

The use of low-energy ^", 7 activity of Pu^*' is sug
gested in the defining decontaminat ion and in setting 
specif icat ions. The P u " ' soft betas and the Pû *̂* soft 
e lec t rons a re absorbed by minimum amount of ab
s o r b e r used to prevent alpha counting. The Al a b s o r p 
tion c a r r i e r co r responds to that of 1.5 MeV, ^ ' s but 
weak X - r a y s a r e absorbed by heavier m e t a l s . 

408. A METHOD FOR THE SEPARATION OF P L U 
TONIUM FROM URANIUM. E. Haeffner, 
A. Hultgren. Nucl. Sci . Eng. _3, 471-81 (1958). 

A chroiTiatographic method with poss ib i l i t ies for use 
on a l a rge r scale has been developed for the s e p a r a 
tion of Pu from U. 

409. THE SEPARATION OF URANIUM AND PLUTO
NIUM ISOTOPES IN CHEMICAL EXCHANGE 
SYSTEMS. H. T. Hahn. HW-40810, May 16. 1955. 

The theory and resu l t s of chemical exchange exper 
iments for separa t ion of Pu and U isotopes a r e p r e 
sented. Solvent extract ion sy s t ems were studied in 
both aqueous and organic media . Chemical exchange 
sys tems a r e proposed which could yield high s e p a r a 
tion fac tors . 

410. INVESTIGATIONS ON THE ADSORPTION OF THE 
RADIOELEMENTS IN SOLUTION. I. ADSORP
TION OF PLUTONIUM(IV) FROM A SULFURIC 
ACID MEDIUM. M. Haiss insky, Y. Laf lamme. 
J . Chim. Phys . ^ 510-12 (1958). 

The adsorpt ion of quadrivalent Pu on g lass and Pt 
from a H;S04 solution is studied. With concent ra t ions 
of the o r d e r of lO'^M, the adsorpt ion is r e v e r s i b l e 
and dec r ea se s with increas ing acidity of the solvent . 

411. THE SPECTROPHOTOMETRIC ASSAY OF P L U -
TONIUM IN AQUEOUS SOLUTION. G . R . H a l l , 
P . D. Hern iman. A E R E - C / R - 9 7 5 , Apri l 1952. 

A method is p resen ted for the rapid assay of Pu by 
measur ing the absorption due to the t r iva lent s ta te at 
603 mu. Pu concentrat ions can be obtained to ±1% in 
the p resence of U, Fe , or other co lo r l e s s i m p u r i t i e s . 

412. THE E F F E C T OF OXYGEN ISOTOPES IN THE 
ANALYSIS OF PLUTONIUM ISOTOPES USING 
PLUTONIUM OXIDE ION BEAMS IN THE SOLID 
SOURCE MASS SPECTROMETER. G. R. Hall, 
G. H. P a l m e r . A E R E - C / R - 1 1 50, March 11, 1953. 

The effect of Oj isotopes in the analyses of Pu isotopes 
using PuOl" PuO'*' beams is d i scussed . Equations a r e 
given to permi t cor rec t ion of observed peak heights 
and calculation of isotopic abundances. Fo r a sample 
containing 0.1% P u " ' and for peaks of m a s s 273, about 
75% of the observed peak height is due to ions (Pu^^^ 
O " 0 " ) , ( P u " ' O " O " ) , and (Pu"° O " O " ) . 

413. SPECTROPHOTOMETRIC STUDIES OF P L U T O -
NIUM IN NITRIC ACID SOLUTION. PART I. 
G. R. Hall, P . D. Herniman, A. J . Wal te r . 
A E R E - C / R - 7 1 2 , May 1, 1951. 

The prepara t ion , stabil i ty, and adsorpt ion s p e c t r a of 
Pu(lII), Pu(IV), and Pu(VI) in n i t r i c a'cid a r e d i s cus sed . 



414. THE FLUORIDE-HYDROXIDE, PEROXIDE, AND 
IODATE CYCLES IN THE PURIFICATION OF 
PLUTONIUM, G. R. Hall, R. Hurs t . A E R E - C / M -
88 (Rev.), 1957. 

F r o m a solution containing U and Fe in amount equal 
to Pu, and with some Cr in addition, 93% Pu was r e 
covered in 98% yield by two success ive KPuFj p rec ip 
i tat ions, and conversion to the hydroxide was thoroughly 
washed. The final purification (101±3%) was made by 
the peroxide precipi tat ion and then Pu(l03)^ p rec ip i ta 
tion from 2N HNO,. 

415. THE ABSORPTION SPECTRA OF THE ACTINIDE 
ELEMENTS. G. R. Hall . Photoelec . Spec t rom
etry Group Bull. No. 8, 180-7 (1955). 

This paper descr ibes the absorption spec t ra of U, Np, 
Pu, Am, and Cm, in solutions and in sol ids, and the 
application of these data in the study of solution kinet
ics and complex formation. 

416. A CEMENT BASE FOR THE HOT FILAMENT 
MASS SPECTROMETER SOURCE. J . E. Hand. 
AECD-3419 (LADC-1210). 

Sauereisen cement No. 1 paste was found to be s a t i s 
factory as a porous unglazed porcela in- l ike base upon 
which to deposit U and Pu sample ma te r i a l for s a t i s 
factory adherence to Ta ribbon f i laments. 

417. ION EXCHANGE SEPARATION AND COULO
METRIC TITRATION OF PLUTONIUM IN IRRA
DIATED FUEL ELEMENT SOLUTIONS. J . W. 
Handshuh. HW-66441. 

Micro quantities of Pu were accurately t i t ra ted after 
anion-exchange separation from i r rad ia ted fuel element 
solutions. 

418. DETERMINATION OF SULFIDE IN PLUTONIUM. 
Analytical P rocedure for the Plutonium Metal 
Fabr icat ion P r o c e s s . XII. M. B. Lebveuf. 
HW-25005, July 25, 1952. 

The sample is dissolved in hot hydrochlor ic acid to 
evolve hydrogen sulfide. The evolved gas is absorbed 
in dilute zinc aceta te . The sulfide is then t rea ted with 
a reagent composed of fer r ic chloride and p-aminodi -
methyl aniline in dilute hydrochlor ic acid to form meth 
ylene blue. The method has a sensivity of 25 ppm. 
Several factors affecting the reliabil i ty and prec i s ion 
of the method were studied. 

419. PROCEEDINGS OF THE SYMPOSIUM ON THE 
PHYSICS OF FISSION, HELD AT CHALK RIVER, 
ONTARIO, MAY 14-18, 1956. C C Hanna, J. C 
D, Milton, W. T. Sharp, N. M. Stevens, E. A. 
Taylor, Eds . CRP-642-A, July 1956. 

Eighteen papers a re included. Some background fission 
physics, fission probability and r e s u l t s , and theore t ica l 
viewpoints are presented . 

420. HEALTH AND SAFETY IN HANDLING THE 
NEWER METALS. W. B. H a r r i s . Am. J . Public 
Health 49, 1138 (Oct 1959). 

Some hazards involved in handling Th, U, Z r , Ti, Be, 
and Pu are discussed. 

421 TRIBUTYL PHOSPHATE PROCESSING OF 
PLUTONIUM-ALUMINUM ALLOY FUELS. R. G. 
Har t . CRDC-630, March 1957. 

Par t i t ion coefficients pertaining to the p rocess ing of 
P U / A 1 alloy fuels by TBP extract ion were obtained, 
and McCabe-Thiele calculat ions were made to predic t 
behavior under various conditions in a continuous 
sys tem. 

422. THE CHEMISTRY OF THE ANION EXCHANGE 
PROCESS FOR THE RECOVERY OF P L U T O 
NIUM. R. G. Hart , J , A. B r o t h e r s , I. W. Allam. 
CRDC-818, Dec 1958. 

This is a semi theore t ica l study of the chemis t ry of the 
anion-exchange p r o c e s s for the r ecovery of Pu . Equi
l ibr ium constants , exchange-height equat ions, and elu
tion equations a re given for seve ra l ion-exchange 
sys t ems . 

423. CHEMICAL AND ISOTOPIC ANALYSIS OF IRRA
DIATED URANIUM SLUGS FROM DEMOUNT
ABLE SLUG ROD. R. G. Har t , M. Lounsbury, 
C B. Bigham, L. P . V. Cor r iveau , F . Gi ra rd i . 
CRRP-761 (Pt. B), Sept 1959. 

U samples were i r r ad ia ted to var ious levels in the 
NRX Reactor for studies of the var ia t ion of activity 
with neutron i r rad ia t ion . Samples were analyzed for U, 
Pu, U isotopic, and Pu isotopic . 

424. ANALYTICAL METHODS USED IN A STUDY OF 
REACTIVITY CHANGES WITH LONG IRRADIA
TIONS. R. G. Hart , C B. Bigham, M. Lounsbury. 
T a l a n t a ^ , 94-9 (i960). 

Pu was determined by four different methods : spectro
photonnetric, di rect low-geonnetric alpha counting, iso
topic dilution with highly i r r ad i a t ed Pu, and isotopic 
dilution with Pu"^ . 

425. THE SPECTROGRAPHIC ANALYSIS OF PLUTO
NIUM USING THE CARRIER DISTILLATION 
PRINCIPLE WITH SPECIAL REFERENCE TO 
THE ESTIMATION OF BORON. H. E, R. Hartley, 
R. O r r e l l . WSL-R-35, June 19, 1952. 

The Pu charger contained three t imes its weight of U 
as a buffer. Gallium oxide was found to be super ior to 
s i lver chloride as a c a r r i e r . Arc-exc i ta t ion conditions 
with a 20-cnn, sou rce - s l i t dis tance were ennployed. B 
and other e lements can be deternnined in Pu n i t ra te and 
chloride solutions by above method, 

426. THE CHEMISTRY OF PLUTONIUM. B. G. Harvey, 
H. G. Heal, A. G. Maddock, E . L. Rowley. 
J. Chem. Soc. P a r t 2, 1010-1021 (1947). 

Sonne chemical and electrochennical p rope r t i e s of Pu 
a r e surveyed. Oxidation and reduction reac t ions be
tween different valence s ta tes have been invest igated. 
The reac t ions of Pu ions with some common organic 
reagents a r e descr ibed . 

427. RADIOMETRIC PLUTONIUM DETERMINATION 
IN THE PRESENCE OF LARGE URANIUM EX
CESS IN THE ORGANIC PHASE OF THE PUREX 
PROCESS. S. Havelka, M. Beran . Collect ion 
Czech. Chem. Comm. 28 , 1603-6 (1963). 



The u / P u is about 1:10^. The Pu is r e - e x t r a c t e d by 
m e a n s of Fe(ll) amido sulfonate solution, oxidation by 
sodium n i t r i t e , and further ext rac t ion in 0.5^4 TTA 
solution in xylene. A prec i s ion of ±3% was obtained. 

428. ELECTROCHEMICAL STUDIES OF THE TWO 
REDUCED STATES OF PLUTONIUM. H. G. Heal . 
CI-84, June 13, 1945. 

The exis tence of two f luoride- insoluble valency s ta tes 
of Pu was demons t ra t ed e lec t rochemica l ly . Approx
imate values for the oxidation reduction potential of 
Pu(lII)-Pu(lV) in IN sulfuric, hydroch lor ic , and pe r 
chloric acids a r e given. A p rac t i ca l p rocedure for 
cathodic reduction of mi l l i g r am amounts of the e lement 
is descr ibed , 

429. H. I. CONTROL LABORATORY - ROUTINE 
CHEMICAL PROCEDURES. J , W, Healy, R. C 
Thorbun, Z. E. Carey . HW-20136, July 15, 1951. 

This labora tory manual covers nnany of the act inides 
and fission produc ts . 

430. THE ESTIMATION OF PLUTONIUM LUNG BUR
DEN BY URINE ANALYSIS. J . W. Healy. Am. 
Ind. Hyg. Assoc . Quar te r ly 28 , No. 3, 261-6 (1957). 

This paper de sc r ibe s an at tempt to in t e rp re t Pu e x c r e 
tion re su l t s from a number of w o r k e r s over seve ra l 
years on the bas i s that ingested Pu is t r a n s f e r r e d to 
the b loods t ream at a given ra te over a per iod of t ime . 

431. CORRELATION OF ABSORPTION SPECTRA 
AND PARTITION DATA FOR PLUTONYL NI
TRATE IN AQUEOUS AND ORGANIC MEDIA. 
T. V. Healy, A. W. Gardner . J . Inorg. Nucl. 
Chem. 2 , 245-56 (Oct 1958). 

An examination of absorpt ion spec t r a of plutonyl n i t ra te 
in dibutyl carbi tol shows the p r e s e n c e of two spec ies , 
the dini t ra te and t r i n i t r a t e . The la t te r is formed in 
either n i t r ic and /or qua r t e rna ry ammonium sa l t s . The 
t r in i t r a t e has a much higher par t i t ion coefficient than 
the dini t ra te in dibutyl carb i to l fronn aqueous n i t r ic 
acid or n i t r a t e s . This improvement in extract ion ob
tained by ra is ing the acidity is shown by cor re l a t ion 
with absorpt ion spec t r a to be direct ly re la ted to the 
production of the t r i n i t r a t e plutonyl spec ies . 

432. SOLVENT EXTRACTION OF Pu(Vl) NITRATE 
FROM HNO3 AND NH4NO3. T. V. Healy, A, W. 
Gardner . A E R E - C / R - 8 0 0 , F e b . 15. 1952. 

Par t i t ion coefficients for Pu(N03)^ in the sys t ems 
dibutyl -carbi to l , aqueous n i t r i c acid have been obtained 
over the range 0 - 9 r i HNOj, and also for dibutyl c a r 
bitol, HNO3, NH4NO3 from 0 - 2 N HNO3. Absorption 
spec t ra a r e given of the var ious complexes formed. 

433. DEVELOPMENT OF A CATION EXCHANGE 
RESIN WITH SCINTILLATING PROPERTIES. 
A. H. Heimbuch. NYO-9138, April 1962. 

A res in was synthesized which has the unique feature 
of possess ing both ion-exchange and scinti l lat ing 
p rope r t i e s . Sr^°, Pu^^^, and Po^'" were counted with 
overa l l efficiencies of 50, 30, and 40%, respec t ive ly . 

434. THE DISTRIBUTION OF Pu(Vl) AND Pu(m) IN 
THENOYLTRIFLUOROACETONE-BENZENE-
HNO3 MIXTURES. D. L. Heisig, T. E. Hicks . 
UCRL-1664, Feb . 2, 1952. 

The dis t r ibut ion coefficients have been m e a s u r e d as a 
function of TTA, hydrogen ion, and n i t ra te ion concen
t r a t i ons . The extract ion constants for Pu(Vl) and 
Pu(lll) a re 1.4 x 10"^ and 2 x 10"^, respec t ive ly . 

435. THE EXTRACTION MECHANISM OF PLUTO-
NIUM(IV) TTA CHELATE IN SECBUTYL-
BENZENE-NITRIC ACID-URANYL NITRATE 
MIXTURES. D. L. Heisig, T. E. Hicks . 
UCRL-I 169, July 30, 1952. 

The ra te of extract ion in these sy s t ems is l imited by 
the ra te of t rans fe r a c r o s s the organ ic -aqueous bound
ary l ayer . The equil ibrium extract ion coefficients of 
Pu(lV) have been m e a s u r e d as a function of TTA, 
hydrogen ion, and uranyl n i t ra te concentra t ion. The 
extract ion of the chelate fronn the organic phase in the 
p r e s e n c e of reducing agents was also studied. 

436. THE SEPARATION AND PURIFICATION OF 
MILLIGRAM QUANTITIES OF AMERICIUM. 
P . D. Herniman. A E R E - C / R - 1 1 13, Jan . 26, 1953. 

A method is descr ibed for separa t ion and purif icat ion 
of Am from solutions containing la rge amounts of Fe , 
U, and Pu. 

437. EVALUATION OF THE PENTAETHER AND 
CHELATE PROCESSES FOR THE CHEMICAL 
SEPARATION OF PLUTONIUM AND URANIUM. 
T. E. Hicks, H. W. Crandal l . UCRL-912 (Dei.). 
Sept. 18, 1950. 

The pentaether p r o c e s s was designed to s epa ra t e U, and 
the chelate p rocess was designed to sepa ra t e Pu. A 
discuss ion of the various connbinations of p r o c e s s e s for 
optimunn separat ion is given, 

438. IDENTIFICATION OF a -EMITTERS IN NORMAL 
BIOLOGICAL MATERIALS. C R. Hill . Health 
Phys ics 8. 17-25 (Feb 1962). 

P r e l im ina ry resu l t s of an a spectroscopy p rog ram 
being c a r r i e d out on natura l levels of a activity in 
humans and thei r environment a re repor ted . Pu 
content in normal biological nnaterials a r e included, 

439. PROBABLE VOLATILIZATION OF PLUTONIUM 
DURING A FIRE. R. K. HiUiard. HW-71743, 
Dec. 1, 1961. 

The available exper imenta l information was evaluated 
and compared with theore t ica l volati l ization r a t e s in 
o rde r to es t imate the amount of Pu r e l e a s e d to the 
a tmosphere in a f i re . It was de termined that the p r o b 
able maximum re l ea se of Pu is 0.087o. 

440. WAVELENGTH AND INTENSITY MEASURE
MENTS IN THE SPARK EXCITED SPECTRUM 
OF PLUTONIUM. J. Haaland. J E N E R - 5 1 , 
Aug 1957. 

Wavelengths of sonne 400 Pu lines a r e given as m e a 
sured with a Ze iss Abbe connparator with an es t ima ted 
accuracy of ±O.OlA. 

441. PRODUCTION OF TRANSURANIUM ELEMENTS 
IN A THERMONUCLEAR EXPLOSION-
ANACOSTIA. R. W. Hoff, D. W. Dorn. 
UCRL-7314 (Rev. 1), May 8. 1963. 



Radiochemical analysis of the debr is from a low-yield 
thermonuclear device es tabl ished the fact that e lements 
at least through m a s s nunnber A-246 were formed. A 
plot of m a s s number ve r sus abundance can be fitted, 
assuming a single flux region of about 3 x 1 0 . 

442. THE REACTOR HANDBOOK, 1st Edition. J. F . 
Hogerton, R. C G r a s s , Ed i to r s . VOL. 3. 
MATERIALS. SECTION I. GENERAL P R O P 
ERTIES. C, R. Tipton, J r . , Editor . AECD-3647. 
Feb 1955. 

Functions of reactor ma te r i a l s a r e p resen ted , after 
which the general p roper t ies of many m a t e r i a l s and 
alloys that are used in the reac tor a re tes ted. 

443. DETERMINATION OF SILICON BY 
DISTILLATION-COLORIMETRIC METHOD. 
B. D. Holt. Anal. Chem. 2 1 . 124-8 (Jan I960). 

The Si is volatilized as the te t raf luoride from a pe r 
chloric acid solution in an a l l -P t , uniformly heated 
still . The dist i l late is absorbed in a solution of boric 
and molybdic acids , in which the Mo blue color is de
veloped. Resul ts from the analysis of Pu, U al loys, 
s teels , and phosphoric acid by this technique are 
presented. 

444. RECOVERY OF PLUTONIUM FROM NEUTRON-
IRRADIATED URANIUM. H. H. Hopkms, J r . 
U. S. Pat . 2,951,740, Sept. 6, I960. 

The reduced Pu is separated from the neutron-
ir radiated U by extracting U in 0.3M HNO3 with 
30% TBP in aliphatic naphtha. The Pu in the aqueous 
phase is oxidized and then extracted with 30% TBP in 
naphtha containing 0.03M dibutyl phosphate. 

445. THE RECOVERY OF URANIUM AND PLUTO
NIUM FROM SULFURIC ACID DECLADDING 
SOLUTIONS. D. E. Horner , C F . Coleman. 
ORNL-2830, Nov. 25, 1959. 

U and Pu were recovered from simulated, sulfuric 
acid, s ta in less -s tee l decladding solutions with seve ra l 
extractants including prinnary amines in hydrocarbon-
alcohol diluent, N-benzyl secondary alkyl amines , and 
trialkyl phosphine oxide. Dialkyl phosphoric acid was 
promising for U(VI) alone. 

446. LOW LEVEL PLUTONIUM-241 ANALYSIS BY 
LIQUID SCINTILLATION TECHNIQUES. D. L. 
Horrocks , M. H. Studier. Anal. Chem. 30, 
1747-50 (1958). 

The P u " ' par t ic les are counted with a relatively high 
and easily reproduced efficiency of 37%. The very low 
limit of detection, 10"^' g ram of Pu '̂*^, and the ease of 
recovery of the Pu for further investigations gives this 
nnethod added advantages over other methods of 
analysis . 

447. THE ANALYSIS OF URINE SPECIMENS FOR 
URANIUM AND PLUTONIUM. J. L. Howarth, 
R . O . M i l l s . AFSWC-TN-61-8, Nov. 1, I960. 

Methods of analysis of urine for Pu and U were studied 
for the purpose of recommending the mos t suitable 
nnethods. Alpha proportional counting is recomnnended. 
The recommended extraction procedures a re the b i s 
muth phosphate-lanthanum fluoride coprecipi tat ion 

technique for Pu and a di n-butyl or thophosphor ic acid 
extract ion or anion exchange for U, 

448 FIBERGLASS REINFORCED PLASTIC GLOVE
BOXES FOR PLUTONIUM ANALYTICAL R E 
SEARCH. J . P . Hughes, A. G. J a s t r a b . 
"Proceeding of the Ninth Conference on Hot Lab
o ra to r i e s and Equipment, Chicago, I l l inois , 
Nov. 7-9, 1961," edited by Paul R. F i e l d s , Amer 
ican Nuclear Society, Hinsdale , 111., 1962. 

An economical f iberglass re inforced plas t ic glovebox 
was designed for use in an analyt ical Pu labora tory to 
el iminate chemical cor ros ion , d e c r e a s e decontamina
tion t ime , and inc rease flexibility of operat ion, 

449. GROUP SEPARATION OF THE ACTINIDES FROM 
THE LANTHANIDES BY ANION EXCHANGE. 
E. K, Hulet, R. G. Gutmacher , M. S. Coops. 
J. Inorg. Nucl. Chem. 17, 350-60 (1961). 

The separat ion of the lanthanides from the t r iposi t ive 
actinides has been successfully accompl ished by 
column elution with lithium chloride solutions lOM or 
s t ronger using a modera te ly c ros s - l i nked , strongly 
bas i c , anion-exchange r e s in at an elevated t empera tu re . 
Fractionation of the actinide ions into the groups Pu, 
Am-Cm, Bk, and Cf-Es can be obtained during the same 
column elution. 

450. THE DETERMINATION OF SUBMICROGRAM 
QUANTITIES OF PLUTONIUM-239. G. J . Hunter, 
R. B. Chenley. AERE-AM-19, July 1959. 

Plutonium fluoride and lanthanum fluoride a re copre
cipitated and mounted on a s t a i n l e s s - s t e e l disk for 
counting. The method has a negative bias of 2,5%. 

451. CHEMICAL METHODS FOR ROUTINE BIOASSAY. 
J. B. Hursh. AECU-4024, Nov 1958. 

Methods in routine use for the bioassay of m a t e r i a l s of 
use in the U.S.A.E.C. biology p r o g r a m s a r e described. 
Selected methods a r e presen ted for Pu, Po, Ra, Th, U, 
and Sr . 

452. THE DISPROPORTIONATION REACTIONS OF 
THE HEAVY ELEMENTS. A REVIEW. R. Hurst. 
Chem. S o c , Spec. Publ . No. 1, 55-63, discussion 
71-4, 1954. 

The r a t e s and mechan i sms of disproport ionat ion in the 
following sys tems are considered: Pu(IV) in HCl, 
Pu(IV) in HCIO,, Pu(V) in HCl, and Pu(V) in HNOj. 

453. THE IDENTIFICATION OF BETA-EMITTING 
ISOTOPES BY LIQUID SCINTILLATION COUNT
ING. W. P . Hutchinson. AERE-R-3605 , 
Oct 1960. 

The average energy of a be ta -emi t t ing isotope, in 
m i c r o - m i c r o c u r i e amounts may be m e a s u r e d at room 
t empe ra tu r e by sys tems desc r ibed . The apparatus is 
useful for rapid, quanti tat ive, routine analysis of 
beta e m i t t e r s . 

454. PLUTONIUM RECYCLE PROGRAM ANNUAL 
REPORT FOR FISCAL YEAR 1957. Hanford 
Atomic Produc t s Operat ion. HW-52000, 
Sept. 20, 1957. 



P r o g r e s s in the development of chemical p r o c e s s e s 
for Pu recovery from fuel e lements is summar i zed . 

455. PLUTONIUM ABSTRACTS. Hanford Atomic 
P roduc t s Opera t ion . HW-68600-28, July 1, 1963, 
and HW-68600-32. 

Abs t rac t s of r e fe rences a r e presen ted on new develop
ments in Pu technology, including biology and medic ine , 
chemis t ry , meta l lu rgy and c e r a m i c s , phys ics , and 
health and safety. 

456. PLUTONIUM ABSTRACTS. Hanford Atomic 
Produc t s Operat ion. HW-68600-30, V o l . 2 , ^ o . 8, 
Sept. 1, 1963. 

References on the study of Pu in biology, chemis t ry , 
meta l lurgy, c e r a m i c s , phys ics , and r eac to r technology 
for Feb 1962-Aug 1963 a r e p resen ted . New develop
ments in Pu technology a r e also covered . 

457. PLUTONIUM ABSTRACTS. Hanford Atomic 
Produc ts Operat ion. HW-68600-29, V o l . 2 . No. 7, 
Aug. 1, 1963. 

An annotated bibliography on Pu technology is p r e 
sented. The re fe rences a r e l is ted under chennistry, 
health and safety, phys ics , meta l lu rgy and reac to r 
technology. 

458. PHYSICS RESEARCH QUARTERLY REPORT, 
APRIL-JUNE 1962. Hanford Atomic Produc t s 
Operat ion. HW-74190, July 16, 1962. 

Monte Car lo calculat ions were made of the limiting 
cr i t ical concentra t ion of Pu^-*' and U^̂ ^ in aqueous 
solutions. 

459. CERAMICS RESEARCH. P a p e r 1 in HW-7630 1, 
C e r a m i c s R e s e a r c h and Development Operat ion 
Quar ter ly Repor t , J a n u a r y - M a r c h 1963. Hanford 
Atomic Produc t s Opera t ion . 

Several c e r a m i c s were studied such as P u - C , PuN, 
and oxides of Pu. Analytical methods used for the 
analysis of these compounds a r e also d i scussed . 

460. CERAMICS RESEARCH AND DEVELOPMENT 
OPERATION QUARTERLY REPORT. Hanford 
Atomic P roduc t s Operat ion, HW-76302, Apr i l -
June 1963. 

P r o g r e s s is repor ted for nunnerous pro jec ts in c e 
r a m i c s r e s e a r c h , fuels development , and fuels test ing 
and ana lys i s . 

461. ZIRCONIUM PHENYLARSONATE TRACER 
SCALE METHOD FOR THE DIFFERENTIATION 
OF Pu(IIl) AND Pu(lV) IN REDOX SOLUTIONS. 
C H. Ice . HW-10277. June 30, 1948. 

The p rocedure is based on the ca r ry ing of Pu(lV) with 
zirconium phenylarsonate . The average recovery was 
about 98?o for 50-50 m i x t u r e s . 

462. THE DETERMINATION OF THE PLUTONIUM 
CONTENT OF URINE (PHOSPHATE METHOD). 
G. P . Cook, O. J o n e s . I G O - A M / W - 6 8 , 
J an . 9, 1957. 

A ni t r ic acid solution of calc ium phosphate is added to 
ur ine to act as a Pu c a r r i e r when ammonia is added. 

The prec ip i ta te is ignited, d issolved, and prec ip i ta ted 
as the cupferr ide and extracted with chloroform. After 
removal of solvent and organic m a t t e r , the alpha act iv
ity is m e a s u r e d with a scinti l lat ion counter . The l imit 
of detection is about 2 fig per sample , applicable to 
2 x 1 0 ^g per sample , 

463. THE ABSORPTIOMETRIC DETERMINATION O F 
CHROMIUM IN PLUTONIUM METAL (DIPHENYL
CARBAZIDE METHOD). I G O - A M / W - 1 0 4 , 
Sept 1957. 

A port ion of the solution of the meta l in HCl is t r e a t e d 
with Br , which converts Pu to the t e t rava len t s t a t e . 
The Pu is complexed with an e therea l solution of cup
ferron and extracted with chloroform. Residual t r a c e s 
of organic a re removed by wet ashing and t r iva len t Cr 
is oxidized to d ichromate with annmonium persu l fa t e . 
The colored complex is formed by adding an acid solu
tion of diphenylcarbazide. The concentra t ion range is 
25-500 ppm. The limit of detection is 1 ^g C r . 

464. THE ABSORPTIOMETRIC DETERMINATION OF 
IRON IN PLUTONIUM METAL (AA DIPYRIDYL 
METHOD). I G O - A M / W - 1 0 5 , Oct 1957. 

A solution of metal in HCl is t r ea t ed with hydroxyl 
amine hydrochlor ide to reduce Fe to the fe r rous s ta te . 
The reagent is added to acetate-buffered solution at 
pH 3-6. Separat ion from Pu is effected by using a 
sodium alkyl sulfonate reagent as a p r o m o t e r . The 
absorption of the chloroform solution is m e a s u r e d to 
de te rmine the Fe concentrat ion. 

465. THE ABSORPTIOMETRIC DETERMINATION OF 
SILICON IN PLUTONIUM METAL. I G O - A M / W -
106, Oct 1957. 

The sample is dissolved in hydrochlor ic acid . The 
si l icomolybdate complex is reduced with ascorb ic acid 
and extracted with butyl alcohol. The absorpt ion is 
m e a s u r e d on a Spekker abso rp t iome te r . The concen
t ra t ion range is 10-200 ppm. The l imit of detect ion is 
0.5 ^g . P r ec i s i on at the 1.7-^g level (3-s igma 
cr i ter ion) is ±367o. 

466. THE DETERMINATION OF NITROGEN IN P L U 
TONIUM METALS. CONWAY DIFFUSION S E P 
ARATION AND MICRO-TITRATION. I G O - A M / W -
107, Jan 1958. 

N is l ibera ted as ammonia by the addition of s t rong 
NaOH to a chloride solution of me ta l . The ammonia 
diffuses into a known amount of sulfuric acid, and the 
excess acid is t i t ra ted with s tandard NaOH. The con
centra t ion range is 50-100 ppm. The l imit of detect ion 
is 0.5 fig. 

467. THE ABSORPTIOMETRIC DETERMINATION OF 
THORIUM IN PLUTONIUM METAL. I G O - A M / W -
168, March 1958. 

The meta l is dissolved in 1 IM HCl and oxidized to the 
te t rava len t s tate with hydrogen peroxide . The Pu is 
absorbed on an anion-exchange colunnn, and the Th 
p a s s e s through. The Th is deternnined as the thoronol 
complex in acetone solution. The l imit of detect ion is 
2 ^ . P r e c i s i o n is ±27% at the 99% level . 



468. THE DETERMINATION OF CARBON IN PLUTO
NIUM METAL (MICRO-COMBUSTION AND AB
SORPTION IN BARIUM HYDROXIDE). 
I G O - A M / W - 1 7 0 , March 1958. 

Pu metal is ignited in a s t r e a m of oxygen. The C 
present is converted to carbon dioxide, which is ab
sorbed in bar ium hydroxide. The amount of bar ium 
hydroxide removed by the carbon dioxide is de te r 
mined by t i trat ion with s tandard hydrochlor ic acid. 
The suggested concentration range is 50 ppm, and the 
limit of detection is judged to be 10 ^g. The prec i s ion 
is ±40% (30 cr i ter ion) , based on 20 deternninations at 
the 50-/.ig level by three ope ra to r s . 

469. THE ABSORPTIOMETRIC DETERMINATION OF 
GALLIUM IN PLUTONIUM METAL (8-HYDROXY
QUINOLINE METHOD). I G O - A M / W - 1 7 2 , 1958. 

Ga is extracted from 5.8M HCl in the p re sence of 
titanous ion into ether . A wash with HCl and titanous 
ion removes nnost of the fer rous ion. The ether is 
evaporated, and the residue is dissolved in HCl. The 
solution is buffered to pH 2.6-3.0 using phthala te-bor ic 
acid. Hydroxyl amine is added, and the gallium oxinate 
complex is then formed using 8-hydroxy-quinoline in 
chloroform. After adjustment to a definite volume, the 
Ga is determined absorpt iometr ica l ly . The concent ra 
tion range is 5 ppm and above. No commonly occurr ing 
cations interfere . 

470. THE DETERMINATION OF CHLORINE IN PLU
TONIUM METAL BY POTENTIOMETRIC 
TITRATION AFTER A DIFFUSION SEPARATION. 
I G O - A M / W - 1 7 5 , 1958. 

About 0.1 gram of the sample is dissolved in dilute 
sulfuric acid. A pernnanganate sulfuric acid mix ture 
is added, and chlorine separated by diffusion into 
dilute NaOH contained in the inner chamber of a Con
way unit. Hydrogen peroxide is added to convert any 
hypochlorite to chloride which is determined by t i t r a 
tion with silver n i t ra te . The end point is determined 
potentiometrically by using a s i l ve r - s i l ve r amalgam 
electrode system. All reagents should be chlor ide-
free. 

471. THE FLUORIMETRIC DETERMINATION OF 
URANIUM IN PLUTONIUM METAL. I G O - A M / W -
177, June 1958. 

U is determined on a hydrochloric acid solution of 
metal by nneasuring f luorescence produced by u l t r a 
violet light. Quenching effects a re allowed for by use 
of internal standard addition technique. The Pu t r a n s 
ferred to Pt plate should not exceed 10 ^g. The con
centration range is 0.l7o and above. The limit of 
detection is judged to be 0.01 fig U. 

472. THE DETERMINATION OF BORON IN PLUTO
NIUM METAL. I G O - A M / W - 1 7 9 , July 3, 1958. 

A sannple is dissolved in HCl, and B is separa ted by 
distillation as m.ethyl borate and collected in a nnixed 
glycerol-NaOH reagent . Methanol is rennoved by 
evaporation, and B in ignited res idue is deternnined 
absorptiometrical ly by using curcumin in the p re sence 
of o-chlorophenol, perchlor ic acid, and acetic anhy
dride. Prec i s ion is ±70% at the 3o c r i t e r ion at the 
0.04-ppnn level. The concentrat ion range is 0.025 ppnn 

and above. Bias is adjusted to be insignificant with 
the cal ibrat ion p rocedure specified. 

473 THE ABSORPTIOMETRIC DETERMINATION OF 
TOTAL PHOSPHORUS IN PLUTONIUM SOLU
TIONS (REDUCED PHOSPHO-MOLYBDATE 
METHOD). I G O - A M / W - 1 8 1 , 1958. 

Any organic phosphate in sample is conver ted to phos
phoric acid by digestion with hydrobromic acid. The 
P is extracted into amyl a lcohol /e thyl aceta te mixture 
as the phosphomolybdate complex. The reduced phos
phomolybdate complex is produced by stannous chlo
r ide . This is good for P in the range 0.02% with 
respec t to Pu. P rec i s i on at the 3o level (95%) l ies be
tween ±30% to t rue value. 

474. ANALYTICAL CHEMISTRY OF IRRADIATED 
NUCLEAR FUEL PROCESSING. "Analytical 
Chemis t ry of Nuclear M a t e r i a l s . " Vienna, 
Internat ional Atomic Energy Agency, 1963. 

Analytical methods and techniques for control of i r r a 
diated nuclear fuel p rocess ing plants a r e reviewed 
cr i t ica l ly . 

475. ANALYTICAL METHOD FOR THE DETERMINA
TION OF ZIRCONIUM-95 IN PLUTONIUM 
PLANT SOLUTIONS. IGR-109(O/w) . 

After severa l purification s teps , rad ioz i rconium and 
c a r r i e r a re extracted into TTA/benzene and eventually 
weighed as ZrO^. 

476. a-COUNTING OF PLUTONIUM ISOTOPES WITH 
LIQUID SCINTILLATORS. ELIMINATION OF 
ERRORS, DUE TO WALL ADSORPTION OF PLU
TONIUM. H. Ihle, A. Murrenhoff, H, Aulich. 
J U L - 1 2 7 - P C , July 1963. 

T r i n-octyl phosphine oxide (TOPO) was found to be a 
suitable nonquenching complexing agent for application 
to internal liquid scinti l lat ion of Pu by eliminating 
e r r o r s due to wall adsorpt ion of hydrol ized species of 
Pu. The scint i l lator technique is favorable for samples 
that do not lend themse lves to counting-plate techniques 
due to high salt concentrat ion or due to organic Pu 
solutions containing organic complexing agents of low 
volati l i ty. 

477. THE DETECTION OF AIRBORNE PLUTONIUM 
HAZARDS. P . I reda le , G. Hinder . AERE-R-3783, 
Jan 1962. 

Two ins t ruments a r e invest igated, both of which make 
cor rec t ions for the act ivi t ies of natural ly occurr ing Rn 
and thoron and improve the threshold sensi t ivi ty of a i r -
sampling moni to r s . 

478. APPLICATION OF THE PACKED COLUMN TO 
THE REDOX PROCESS. E. R. I r i sh . 
HW-29967A, March 12, 1957. 

The Redox p rocess for the separa t ion of Pu from U and 
fission products is descr ibed briefly. Emphas i s is then 
on the performance c h a r a c t e r i s t i c s of packed solvent 
extract ion columns. 
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479, SYNERGIC E F F E C T S IN THE SOLVENT EX
TRACTION OF THE ACTINIDES. III. TETRA
VALENT ACTINIDES. H. Irving, D. N. Edgington. 
J . Inorg. Nucl. Chem. 20, 321-34 (Dec 1961). 

Th"" , N p " ' , and P u " ' a r e used as t r a c e r s to study the 
solvent extract ion of the te t rava len t act inides from 
nitr ic acid into mix tu re s of TTA with T B P or TBPO in 
cyclohexane. 

460. SYNERGIC E F F E C T S IN THE SOLVENT EX
TRACTION OF THE ACTINIDES. IV. TRI
VALENT PLUTONIUM, AMERICIUM, AND 
EUROPIUM. H. I rving, D. N. Edgington. 
J . Inorg. Nucl. Chem. Z\. 169-180 (Dec 1961). 

Radioactive t r a c e r s a r e used to study the solvent ex
tract ion of Pu(III), Am(III), and Eu(UI) from O.OIN HCl, 
.OOIN HNO,, and an acetate buffer of pH 3.95, r e s p e c 
tively, into mix tu res of TTA and TBP in cyclohexane. 
The extract ion coefficient has been found to be g rea t e r 
for such mix tu res than for e i ther component alone, and 
the extractable species has the composit ion MX,-2 TBP 
(where TTA=HX and M = Pu, Am, or Eu). 

481. SYNERGIC E F F E C T S IN THE SOLVENT EX
TRACTION OF THE ACTINIDES. II. PLUTO-
NIUM(VI) AND NEPTUNIUM(V). H. I rving, 
D. N. Edgington. J . Inorg. Nucl. Chem. 20, 
314-320 (Dec 1961). 

P u " ' and N p " ' a r e used to study the solvent ext rac t ion 
of Pu(VI) and Np(V) from n i t r i c acid into m i x t u r e s of 
1,1, l - t r i f luoro-3-2- thenoylace tone (TTA) and t r i - n -
butyl phosphate (TBP) in cyclohexane. The ext ract ion 
coefficient is found to be g r e a t e r for such mix tu re s 
than for ei ther component alone. 

482. DISTRIBUTION OF NEPTUNIUM BETWEEN TBP 
AND SOME MINERAL ACIDS. T. I sh imor i , 
E. Nakamura . Bull . Chem. Soc. Japan_32, 
713-720 (1959). 

Distribution of Np in var ious valence s ta tes was studied. 
Compar isons a r e made with some of the other 
act inides . 

483 INORGANIC EXTRACTION STUDIES ON THE 
SYSTEM BETWEEN TRI-n-BUTYL PHOSPHATE 
AND HYDROCHLORIC ACID. T. I sh imor i , K. 
Watanabe, E . Nakamura . Bull. Chem. Soc. Japan 
n . 636-44 (1960). 

484. SPECIFIC ACTIVITIES OF NUCLIDES, z > 87. 
N. M. I saac , J . W. Wilkins. Argonne National 
Labora to ry . ANL-6042, Sept 1959. 

The specific activity of an isotope is exp res sed as the 
product of its decay constant and the number of a toms 
per unit weight. 

485. SEPARATION OF TRANS-CURIUM ELEMENTS 
FROM LARGE QUANTITIES OF CURIUM BY 
LIQUID-LIQUID EXTRACTION. N. M. I saac , 
J . W. Wilkins, P . R. F i e l d s . J . Inorg. Nucl. 
Chem. i i , 151-7 (1960). 

The p rocedure involves 12N HCI and lOOV. BujPO,. It 
was applied successful ly to the separa t ion of Cm and 
Cf from Pu. 

486. EXTRACTION OF PLUTONIUM AND URANIUM 
FROM NUCLEAR FUEL. N. M. I s a a c . Indus t r ie 
Chim. Beige .22̂ , 139-52 (1957). 

Aqueous, nonaqueous, and h igh - t empera tu r e methods 
employed for the extract ion of Pu from i r r ad ia t ed U 
a re reviewed. The advantages and disadvantages of 
some of these p r o c e s s e s a r e d i scussed and some flow 
sheets a re presented . 

487. ESTIMATED DENSITIES OF PLUTONIUM AND 
HYDROGEN FOR USE IN CRITICALITY CALCU
LATIONS. E. E. Jackson , E. Wait. A ERE-M-802 . 
Dec 1960. 

This is a compilat ion of Pu and H dens i t ies in solid 
Pu compounds for which X- ray or optical c r y s t a l l o -
graphic data were avai lable. 

488. DESIGN AND OPERATION FOR DIRECT-
MAINTENANCE FUEL SEPARATION. H. K. 
Jackson, G. S, Sadowski. Nucleonics j_3.. No. 8, 
22-5 (1955). 

A radiochemical separa t ion plant is desc r ibed that can 
be built, operated, and maintained with s tandard indus
t r i a l techniques. Solvent extract ion flow sheets show 
steps in separat ing Pu, U, and fission products , 

489. TWO SIMPLE BATCH LIQUID-LIQUID EX
TRACTORS. N. Jackson . A E R E - C / M - 3 6 5 , 
Dec 1958. 

Two simple and cheap ba tch-ex t rac t ion uni ts have been 
developed for work with volumes of solution in the range 
of 20 ml . Units a r e suitable for work in a or a, ^y 
boxes . By using tributyl phosphate with odo r l e s s k e r -
osine, Pu was separa ted from Am contained in an 
A1(N03) -HNO, solution. The Am contained, after p u r i 
fication! 0,07% P u " ' , " ° , with a recovery of 95,57c of the 
or iginal Am p resen t . Th also was recovered from a 
Th/oxala te s lu r ry . 

490. INITIAL TWO-YEAR EXPERIENCE WITH THE 
SAVANNAH RIVER PLANT PLUTONIUM URI
NALYSIS PROCEDURE. W. R. Jacobsen . In 
ANL-6637, P roceed ings of the Seventh Annual 
Meeting on Bio-Assay and Analytical Chemis t ry , 
Held October 12 and 13, 1961 at Argonne National 
Labora tory , pp. 33-42. 

The method cons is t s of wet-washing the u r ine , pur i f ica
tion of Pu by anion exchange, elution with H2S04, and 
e lect rodeposi t ion in a n i t ra te medium on a s t a i n l e s s -
s teel disc that is autoradiographed on nuc lear t r a c k 
emulsion p la tes , and the resul t ing t r a c k s a r e magnified 
and counted by a mic rop ro j ec to r . 

491 . ENUMERATION OF NUCLEAR PROCESSES IN-
VOLVING THE SIMULTANEOUS EMISSION OF 
SEVERAL NEUTRONS. J . J acquesson . J . P h y s . 
24, suppl. to No. 6, 112A-116A (June 1963). 

This method allows the m e a s u r e m e n t of mul t ip le p r o 
c e s s e s as spontaneous or induced f i ss ions , or (n, 2n) 
reac t ions in p re sence of single p r o c e s s e s . The method 
is applied to the de terminat ion of P u " ° in s amples of P u . 
The accuracy , es t imated by compar i son with m a s s 
spec t roscopy, is 0.5%. 



492. THE ANION-EXCHANGE SEPARATION OF PLU-
TONIUM AND THORIUM. D. B. J a m e s , E . L. 
Chr is tensen . TID-14598 (LADC-5191), 1961. 

Pu(IV) and Th are separa ted quantitatively by using an 
anion-exchange res in and a solution 7-8M HCl. Th is 
not absorbed. Both Pu and Th a r e strongly sorbed 
from 7,5M HNO3. 

493. THE PROCESSING OF PLUTONIUM BY ION EX
CHANGE. I. THE CONCENTRATION DEPEND
ENCE OF DISTRIBUTION COEFFICIENTS ON 
DOWEX 1X4 FROM 7M NITRIC ACID. D. B. 
J a m e s . LADC-5377, 1961. 

An expression is derived and experimental ly confirmed 
for the change in the volume-dis t r ibut ion coefficient 
for Pu(lV) on Dowex 1x4 from 7M HNO3 with varying 
concentrations of Pu(lV) in the aqueous phase . 

494. SEPARATION OF PLUTONIUM FROM LANTHA
NUM BY CHELATION-EXTRACTION. R. A. 
J a m e s , S. G. Thompson. U. S. Pat . 2,863,892. 

Pu is separated fronn La in which the L a / P u is at 
least five by adding the ammoniunn salt of N-
nitrosoaryhydroxyl amine at a pH of 3-3.2 and ex t rac t 
ing the chelate of +3 Pu with an immisc ib le solvent 
such as chloroform. 

495. IMPROVEMENTS IN OR RELATING TO METH
ODS OF RECOVERING PLUTONIUM. W. D. 
Jamrock, G. M. Phi l l ips . Br i t i sh Pat . 910,443, 
Nov. 14, 1962. 

A method is descr ibed for recover ing Pu in solutions 
of high purity fronn solutions containing snnall announts 
of U and fission products . 

496. THE ANALYSIS OF URINE FOR TRACES OF 
AMERICIUM AND OTHER ALPHA EMITTERS. 
E. N. Jenkins , G. W. Sneddon. A E R E - C / R - 1 399, 
Nov. 10, 1954. 

The method used by Argonne National Labora tory for 
the analysis of alpha emi t te rs in ur ine was used. This 
involves co-precipi tat ion of these emi t t e r s with b i s 
muth phosphate from a ni t r ic acid solution of oxidized 
urine, resolution of the precipi ta te , and subsequent 
precipitation with mininnunn La fluoride, which is 
alpha-counted. A modification is suggested for the 
determination of Am. 

497. THE EFFECT OF DISSOLVED AIR ON THE R E 
DUCTION OF TRACER LEVEL PLUTONIUM(IV) 
BY URANIUM(IV). E. N. Jenkins . J , Inorg. Nucl. 
Chem. 23, 323-5 (i960). 

In the use of uranous salt in HNO3 to remove t r a c e r 
Pu(lV) and (VI) from hexane with excess U(IV) p resen t , 
oxygen partially reoxidizes Pu(lll) to Pu(lV), lowering 
the percentage of Pu removed, 

498. THE USE OF URANIUM(IV) AS A REAGENT IN 
THE AQUEOUS PROCESSING OF IRRADIATED 
URANIUM. E. N, Jenkins , R. J , W. Streeton. 
AERE-R-3158, Dec 1959. 

The uranous ion nnust be stabilized against n i t r i te with 
sulfamic acid or hydrazine. The stabil i ty, solvent ex
traction, and reducing power of uranous solutions were 
investigated. Reactions with Pu a r e also presented . 

499. USE OF SULFAMIC ACID FOR DISSOLVING 
PLUTONIUM. W. J . Jenk ins . J . Inorg . Nucl. 
Chem. 25, 463-464 (1963). See also TID-16387. 

Pu me ta l d issolves readily in sulfamic acid and sulf
amic ac id-n i t r i c acid m i x t u r e s . React ion in 1.7M 
sulfamic acid proceeds a lmost to complete exhaustion 
of the H ion if the solution t e m p e r a t u r e is mainta ined 
below 40°C. 

500. SOME PHYSICAL PROPERTIES OF PLUTONIUM 
METAL. E, R. J e t t e . J . Chem. P h y s . Z^, 
365-68 (Feb 1955). 

Data a re presented on al lotropic modification, c rys ta l 
s t ruc tu re , t ransformat ion t e m p e r a t u r e s , melt ing point, 
dens i t ies , expansion coefficients, e l ec t r i ca l r e s i s t ance , 
and magnetic susceptibi l i ty . 

501. METHOD OF REDUCING PLUTONIUM COM
POUNDS. I. B. Johns . U. S. Pa t . 2,837,402, 
June 3, 1958. 

Valence is reduced by t rea t ing the aqueous solution of 
h igher -va lence Pu compounds with H in contact with 
an activated Pt cata lys t . 

502. SPECTROCHEMICAL DETERMINATION OF 
TRACE IMPURITIES IN PLUTONIUM NITRATE 
SOLUTIONS. A. J . Johnson, E. Vejvoda. Anal. 
Chem. 32, 1643-46 (1959), 

A di rec t spect rographic method has been developed for 
determining t r ace amounts of impur i t i e s in Pu ni trate 
solutions; 5007of Pu is evaporated onto 8007of sodium 
fluoride, the e lect rode is excited by an a l te rna t ing-
cur ren t a r c , and the spec t rum is recorded on a photo
graphic plate . The method is applicable for determining 
34 e lements . 

503. ANALYSIS OF POTASSIUM AND SODIUM SOLU
TIONS. PROBLEM ASSIGNMENT NO. CX3-4. 
DEVELOPMENT OF RADIOCHEMICAL ANA
LYTICAL PROCEDURES FOR PLUTONIUM. 
G, L. Johnson, D. E. Koshland, J r . , C. W. Smith. 
CN-2043, June 30, 1945. 

Two relat ively simple ways a r e desc r ibed for modify
ing the s tandard La fluoride p rocedure in the presence 
of Na ion concentrat ions g rea t e r than 2M or K ion 
concentrat ions g r e a t e r than 0.05M. 

504. SODIUM FLUORIDE AS A SPECTROSCOPIC 
CARRIER FOR PLUTONIUM METAL ANALYSIS. 
A. J . Johnson, E. Vejvoda. R F P - 1 4 3 , April 20, 
1959. 

A pyroelec t r ic c a r r i e r dis t i l la t ion method may be used 
to de te rmine five e lements previously de te rmined by 
the cupferron extract ion method. The PuOj is mixed 
with about 5% NaF . The spec t rum is recorded on a 
photographic plate, and impur i t i es a r e es t imated by 
visual compar ison. 

505. THE FLUORINATION OF URANIUM FROM 
DRIED SOLIDS AND ITS APPLICATION TO THE 
FLUORIDE VOLATILITY PROCESS. C. E. John
son, J . F i s c h e r . Argonne National Labora to ry . 
ANL-6117, Aug 1960. 



A fluoride-volat i l i ty p r o c e s s ut i l izes aqueous d isso lu
tion of fuel and fluidized-bed drying and fluorination to 
recover U and Pu from i r r ad ia t ed fuels. 

506. THE PREPARATION OF HIGH PURITY PLUTO
NIUM METAL. K. W. R. Johnson. J . Inorg. 
Nucl. C h e m . l , 200-3 (March 1959). 

High-purity a -phase Pu meta l was produced by a p r o 
cess which consis ted of two success ive peroxide p r e 
cipitat ions, d i rec t fluorination with H F , and reduction 
to meta l with Ca and I "boos te r , " Total impur i t i e s 
varied from 94 to 276 ppm. 

507. A COMPARISON OF OPERATING CHARACTER
ISTICS OF A GRIDDED AIR-CHAMBER AND A 
METHANE PROPORTIONAL COUNTER FOR 
ROUTINE a COUNTING. K. D, B. Johnson. 
A E R E - C / M - 3 9 , Oct. 5, 1949. 

The a counting of Pu after L a F j prec ip i ta t ion is best 
performed on the methane propor t ional counter . The 
best operat ing conditions a r e d i scussed . 

508. REACTIONS OF SULFUR TETRAFLUORIDE 
WITH OXIDES, OXYFLUORIDES, AND FLUO
RIDES OF URANIUM AND PLUTONIUM. C. E. 
Johnson, J . F i s c h e r , M. J. Ste indler . J . Am. 
Chem. Soc. S3_, 1620-2 (1961). 

Some qualitative and quanti tat ive observa t ions a r e 
presented concerning the reac t ion of sulfur t e t r a 
fluoride with oxides , oxyfluorides, and fluorides of U 
and Pu. 

509. COATING WASTE MEASUREMENT. W . H . J o h n 
son, R. A. Schneider , W. H. Z i m m e r . HW-SA-
2726, Aug. 23, 1962. 

The development and application of an indirect m e a 
surement method which u s e s a fission product , Cs 
as an index of the SS m a t e r i a l content of coating waste 
are descr ibed. 

510. CURRENT EXPERIENCE AND THINKING ON 
THE PLUTONIUM RATIO METHOD OF R E 
CEIPT MEASUREMENT. W. H. Johnson. In 
TID-7615; P roceed ings of Annual Nuclear Ma
te r i a l s Management Meeting, Denver , Colorado, 
June 15, 1961, pp. 65-77. 

The rat io method for de termining the rece ip t m e a s u r e 
ment of Pu is evaluated. Advantages of the rat io m e t h 
od, such as re la t ive independence from sampling and 
waste uncer ta in t ies and cost , a r e p resen ted , 

511. PREPARATION AND PROPERTIES OF A P L U 
TONIUM CARBIDE. A BIBLIOGRAPHY. 
C. P . Johnston, F . D. Lonadier , J . A. P o w e r s . 
MLM-1169, July 1963. 

A total of 1 1 1 r e f e r ences from Nuclear Science Ab
s t r ac t s and Abs t rac t s of Classi f ied Repor t s a r e l i s ted . 

512. THORIN: AN INTERESTING CHROMOGENIC 
AGENT AND CHELATOCHROME INDICATOR. 
M. B. Johnston, A. J . Ba rna rd , J r . , W. C. Broad. 
Rev. univ, ind, Santander 2̂ , 137-46 (1960), 
T r a n s l a t e d in N P - t r - 6 0 2 . 

A l i t e r a tu re s ea rch was made on the u s e s of Thorin as 
a chromogenic agent and che la tochrome indicator in 
the precipi ta t ion t i t ra t ion of sulfate, and in var ious 
EDTA t i t r a t ions , 

513. RECOVERY OF P u F j BY FLUORINATION OF 
FUSED FLUORIDE SALTS. R. L. JoUey, G. I. 
Ga the r s . ORNL-3298, Oct. 8, 1962. 

F u s e d - s a l t fluorination t e s t s at 600°C showed good r e 
cover ies for 2 ppm of Pu from 50-50 m / o N a F - Z r F 4 
or from 31-24-45 m / o L a F - N a F - Z r F ^ . 

514. INFRARED SPECTRA AND STRUCTURE OF 
URANYL AND TRANSURANIUM(V) AND (VI) 
IONS IN AQUEOUS PERCHLORIC ACID SOLU
TIONS. L. H. Jones , R. A. Penneman. J . Chem. 
P h y s . ^ , 542 (1953). 

Infrared spec t ra of U, Pu, Np, and Am(VI) show these 
ions exist as symmet r i ca l and l inear or near ly l inear 
XOt*. The spec t ra of Np(V) and Am(V) show that they 
a r e probably XO; ions. 

515. REACTOR FUELS AND MATERIALS DEVELOP
MENT. PLUTONIUM RESEARCH JANUARY-
MARCH 1963. L. V. Jones , L. J . Wit tenberg. 
MLM-1156, May 29, 1963. 

Solvent-extract ion methods were used as an analyt ical 
technique for Ce -Cu-Pu al loys . Analysis of F e - P u 
alloys proved that Pu(III) o-phenanthrol ine complexes , 
if formed at all , do not in te r fe re . C e - C o - P u and 
C e - N i - P u sys tems were also studied. 

516. THE ABSORPTIOMETRIC DETERMINATION OF 
ALUMINUM AS A MINOR CONSTITUENT IN 
PLUTONIUM-ALUMINUM ALLOYS. I, G. J o n e s . 
G. Phi l l ips . AERE-R-2879 . Jan 1960. 

Pu is removed by ion exchange, and Al is de te rmined 
absorp t iomet r ica l ly following its ext rac t ion as the 
8-hydroxy quinoline complex. Fe , which i n t e r f e r e s , is 
removed by extract ion with 8-hydroxy quinoline, and 
any res idual Pu is removed by complexing with H^O^, 
before the 8-hydroxy quinoline ext rac t ion . 

517. A PROGRAM FOR PUBLICATION OF SELECTED 
MEASUREMENT METHODS FOR PLUTONIUM 
AND URANIUM IN THE NUCLEAR FUEL CYCLE. 
R. J . Jones . In TID-7660, AEC and Cont rac tor 
Nuclear Mater ia l s Management Symposium, Oct, 
3-5, 1962, pp. 101-107. And in TID-7629, Ana
lytical Chemis t ry in Nuclear Reactor Technology. 
Fifth Conference, Gatl inburg, Tenn. . Oct. 10-12, 
1961, pp. 259-266. 

Measuremen t methods for nuc lear m a t e r i a l s a r e d i s 
cussed . General information and selected analyt ical 
p rocedures a re to be published. 

518. A STUDY OF PLUTONIUM TRIFLUORIDE P R E 
CIPITATED FROM AQUEOUS SOLUTION. 
M. M. Jones . HW-30384, Dec. 28, 1953. 

Because of its reproducible composi t ion, Pu fluoride 
is recommended as a p r i m a r y s tandard . When d r ied 
at room t e m p e r a t u r e , the H p content is 2.3 ± 0.37o, 
corresponding to PUF3O.4OHP. The m a t e r i a l unde r 
goes slow hydrolys is to oxide. Concent ra t ions up to 
15 g / l i t e r of Pu in 2N HNO, a r e a t ta inable . The PuO^ 



formed by ignition of fluoride has some advantages 
over the fluoride as a Pu s tandard. 

519. CALORIMETRIC DETERMINATION OF THE 
ENERGY PRODUCED BY 49 [Pu^^^]. W. M. 
Jones , J. W. Stout. LA-347, Aug. 17, 1945. 

The energy production of a 120-gram sphere of Pu '̂' 
was measured ca lor imet r ica l ly . When the power p r o 
duced is combined with the energy per a par t ic le , a 
value for the half-life is obtained. 

520. ABSORPTION SPECTRA OF ACTINIDE COM
POUNDS. C K. Jorgensen . Mol. Phys._2, 
96-108 (1959). 

The ground state of all actinide ions with a charge of 
at least 3 contain only 5f e lec t rons outside the emana
tion shel ls . The absorption spec t ra of U(IV) complexes 
and of PuFfi suggest in tere lec t ron repulsion p a r a m e t e r s 
of about 60% of those in the corresponding lanthanides, 
while the Lande factors a re about twice as l a rge . V a r i 
ation with oxidation number in the i soe lec t ron s e r i e s , 
U(III), and Np(lV), Pu(lII), and AmF4, Am(lII), and 
CmF4 are discussed. Chemical p roper t ies of the 
actinides are discussed. 

521. PERFORMANCE OF A PLUTONIUM REFLUX 
SOLVENT EXTRACTION SYSTEM. B. F , Judson. 
HW-49441A, March 27, 1957. 

The refluxing technique is considered to give definite 
advantages as regards overal l process ing flexibility 
and reduction of the number of p rocess steps requi red 
to attain Pu concentrations up to 100 g / l i t e r . 

522. REACTIONS OF PLUTONIUM IONS WITH ETH
YLENEDIAMINE TETRAACETIC ACID. O. L. 
Kabanova, M. A. Danuschenkova, P . N. Pa ley . 
Anal. Chim. Acta 2^, 66-75 (Jan I960). 

The behavior of Pu in a solution of the disodium salt of 
EDTA was investigated. At a pH of 3 to 5, Pu(Vl) is 
reduced to Pu(V), and a one-to-one complex is formed. 
With excess reagent, a Pu(lV) complex is formed after 
some t ime. 

523. OXIDATION REDUCTION POTENTIALS OF PLU
TONIUM IN ACID SOLUTIONS WITH DIFFERENT 
IONIC FORCES. O. L. Kabanova, A. N. Pa le i . 
Zhur. Neorg. Khim. JL, 31-4 (i960). See also 
CEA-t r -R-1378. 

The oxidation-reduction potential of the Pu(lIl) /Pu(lV) 
system in HCIO4 at 0.5 to 4M at 25° inc reases with the 
concentration of the perchlor ic acid. The oxidation-
reduction potential of the system becomes more neg
ative with the increase of chloride in solution of 
HCl (1 to 5M) and of HCl + KCl (IM HCl + 0.5 to 
3.8M KCl). 

524. ELECTRODEPOSITION OF PLUTONIUM FLUO
RIDE. M. Kahen. U. S. Pat . 2,758,963, 
Aug. 14, 1956. 

The electrolyte is an aqueous solution of Pu02(N03) 
with large amounts of NaF. A Pt disc is made the 
cathode. When a current is passed, the plutonyl ions 
migrate to the cathode, where they are reduced and 
deposited as the insoluble f luorides. 

525. METHOD OF IMPROVING THE CARRIER P R E 
CIPITATION OF PLUTONIUM. H. J . Kamack, 
J. H. Bal this . U. S. Pa t . 2,863,719. 

Pu values can be recovered from acidic solutions by 
adding lead n i t r a te , hydrogen fluoride, lanthanum ni
t r a t e , and sulfuric acid. The lead sulfate improves 
the separa t ion c h a r a c t e r i s t i c s of lanthanum fluoride 
c a r r i e r prec ip i ta te . 

526. REDOX MONTHLY REPORT FOR SEPTEMBER 
1948. Knolls Atomic Power Labora to ry . 
KAPL-M-REDOX-1 , Sept. 27. 1948. 

P r o g r e s s i s repor ted on heavy-e lement and f ission-
product chemis t ry . Redox solution conductivity, ana
lytical methods for Redox, Pu valence s t a t e s , and 
decontamination of Redox waste solut ions . 

527. REDOX GROUP MONTHLY REPORT FOR 
OCTOBER 1948. Knolls Atomic Power Labora
tory. KAPL-M-REDOX-2, Oct. 26, 1948. 

This is a monthly repor t on p r o g r e s s made in the 
Redox group in heavy-e lement , f i ss ion-product , and 
analytical chennistry. 

528. REPORT OF THE NUCLEAR PHYSICS SECTION 
FOR DECEMBER 1954, JANUARY, FEBRUARY 
1955. Knolls Atomic Power Labora to ry . 
KAPL-1302. 

P r o c e d u r e s for determining t r ace announts of U and 
Pu in the atnnosphere a r e briefly d i scussed , 

529. REPORT OF THE PHYSICS SECTION FOR JUNE, 
JULY, AUGUST 1956. Knolls Atomic Power 
Labora tory . KAPL-16 11 (Del.), 

A m a s s spectronnetr ic analysis of m i l l i m i c r o g r a m 
samples of Pu is shown. 

530. SOME FEATURES OF THE DISTRIBUTION OF 
EXTRACTED MATERIALS IN THE WASHING 
PORTION OF THE EXTRACTION-WASHING 
APPARATUS. S. M. Karpacheva , E . P . Rodionov. 
At. Energ . (U.S.S.R,), n, 486-91 (1962). 

Simultaneous extract ion of seve ra l substances by o r 
ganic solvents fronn an aqueous solution may resul t in 
a competit ion between these subs tances if the ex t rac 
tion agent fornns chennical compounds with them. The 
concentrat ion distr ibution of the m a c r o e l e m e n t s and 
the m i c r o e l e m e n t s was de te rmined , and a formula was 
derived for determining approximately the requ i red 
number of extract ion and washing colunnns. Fo r exact 
calculat ions , the change in the ra t ios of the various 
s t r e a m s caused by the volume changes occurr ing dur
ing the p r o c e s s must be taken into account. 

531. SUMMARY OF SOME NEW NUCLEAR DATA. 
P . R. Kasten. ORNL-2142, Aug. 21, 1956. 

Resul ts obtained by different inves t iga tors of nuclear 
constants of U " \ P u " ' , P u « ' , U"=, Pu"» , Pu">, P u " ^ 
and Am are summar ized . 

532. HIGHER OXIDES OF ACTINIDE ELEMENTS. 
THE PREPARATION OF NpjOs. J . J . Katz, D. M. 
Gruen. J. Am. Chem. Soc. 71 , 2106-2112 (1949). 



An at tempt to p r e p a r e h igher oxides of Np, Pu, Am, 
and Pa was unsuccessfu l . NpjOe is desc r ibed . 

533. THE CHEMISTRY OF THE ACTINIDE E L E 
MENTS. J . J . Katz, G. T. Seaborg. London, 
Methuen and Co. , Ltd,, 1957, 

The actinide e lements a r e t r e a t e d thoroughly, includ
ing important l i t e r a t u r e ci ta t ions up to 1956. 

534. FLUORIDE VOLATILITY PROCESS FOR THE 
RECOVERY OF URANIUM. J . J . Katz, H. H. Hy
man, I. Sheft. Canadian Pa t . 648,942, 1962. 

The p rocess c o m p r i s e s dissolving the i r r ad i a t ed U in 
a halogen fluoride under such conditions that the vola
tile P u F t is not formed, and dist i l l ing off the volati le 
UFj. The formation of P u F j is avoided by continuous 
removal of the Brz and the B r F products of the 
dissolution. 

535. RELATIVE EFFECTIVENESS OF VARIOUS 
AGENTS FOR PREVENTING THE INTERNAL 
DEPOSITION OF PLUTONIUM IN THE RAT. 
J . Katz, M. H. Weeks, W. D. Oakley. Radiat ion 
R e s e a r c h 2, 166-70 (1955). 

Administrat ion of Zr c i t r a te 30 minutes after Pu(IV) 
ci t rate was twice as effective as Ca di-Na ethylene
d iamine te t raace ta te in prevent ing skeleta l deposit ion 
of Pu. 

536. EXTRACTION OF TETRA- AND HEXAVALENT 
ACTINIDES FROM HYDROCHLORIC ACID BY 
TRI-n-OCTYLAMINE IN XYLENE. W. K. Keder . 
J . Inorg. Nucl. Chem. 24, 561-70 (1962). 

Distribution data for ext rac t ion of the t e t r a - and hexa
valent act inides from hydrochlor ic acid by t r i - n -
octylamine (TOA) solutions a r e r epor t ed , and the 
spect ra of the ext rac ted complex ion spec ies a r e shown. 
The hexachloro complexes of the t e t rava len t me ta l s 
a re found to ex t rac t . 

537. ACTINIDE NITRATE SPECIES IN XYLENE 
SOLUTIONS OF TRI-n-OCTYLAMINE. W. E. 
Keder , J. L, Ryan, A. S. Wilson. J . Inorg. Nucl. 
Chem. 20, 131-9 (1961). 

The ionic species of the t e t r a - and hexavalent act inides 
that a r e ext rac ted from n i t r i c acid by t r i - n - o c t y l a m i n e -
xylene solutions were identified as M(N03)^ and 
M02(N0j)J, r espec t ive ly . 

538. THE EXTRACTION OF ACTINIDE ELEMENTS 
FROM NITRIC ACID SOLUTIONS BY TRI-n-
OCTYLAMINE. W. E. Keder , J . C. Sheppard, 
A. S. Wilson. J . Inorg . Nucl . Chem. 1_2, 327-35 
(1960). 

The extract ion of s ix actinide e lements from ni t r ic 
acid solutions by t r i - n - o c t y l a m i n e in xylene has been 
investigated, and the effects of acid and amine concen
t ra t ions have been m e a s u r e d . The ext rac t ion of Np(lV) 
and Pu(IV) was found to be much g r e a t e r than any of 
the other oxidation s t a t e s studied. 

539. ISOTOPIC EXCHANGE BETWEEN Pu(lU) AND 
Pu(IV). T. K. Keenan. J . Am. Chem. Soc. 28 . 
2339 (May 20, 1956). 

Studies were init iated on the exchange reac t ion be
tween Pu* ' and Pu"*"* in HCIO4 solutions at 0°C. The 
ra te of exchange in 0.5 formal is approximated by the 
equation R = k: (m)(IV), where k' = 1,10 ± 0.10 x 
lO'* l i t e r / m o l / m i n . 

540. RECOVERY OF PLUTONIUM FROM FLUORIDE 
SLAGS. N. J . Keen, H. A. Alwyn. Br i t i sh Pa t . 
865,699, Feb . 13, 1959. 

The slag is dissolved in HNO, containing Al' + , and the 
Pu is ex t rac ted with t r ibutyl phosphate. Recovery is 
about 97%. 

541. CONFINEMENT TECHNIQUES AND HANDLING 
OF PLUTONIUM IN RESEARCH LABORATORIES. 
A. R. Keene. In TID-7577, Symposium on Tech
nical Methods in Health Phys i c s , Riso , Denmark , 
May 25-28, 1959, pp. 83-101. 

Confinement techniques depend on quantity and physical 
form. Other factors to be cons idered in safe handling 
include pyrophorici ty of Pu, requi red venti lat ion, use 
of s t r ippable coat ings, and survey techniques . 

542. SEPARATION OF THE ELEMENTS ACTINIUM 
TO AMERICIUM BY PAPER CHROMATOGRAPHY. 
C. Kel ler . J . Chromatog. J , 535-51 (1962). 

Alcohol-acid mix tu res of var ious concentra t ions a r e 
used as e luents . Assay, au toradiographic , and co lo r i 
m e t r i c techniques a r e used to de te rmine the position 
of the ions on the paper c h r o m a t o g r a m s . 

543. ELECTRONIC CONTROLLED-POTENTIAL 
COULOMETRIC TITRATOR FOR PLUTONIUM 
ANALYSIS. M. T. Kelley, H. C. Jones , D. J . 
F i she r . Talanta 6, 1 85-8 (1960). 

A stabil ized, p r in ted -c i rcu i t , opera t ional -d i f ference 
amplif ier , combined with a t r a n s i s t o r cu r r en t ampl i 
fier, is used to control the potential of the e lec t rode at 
which the des i red react ion o c c u r s . P a r t of the e l e c 
t ro lys i s cur ren t is integrated by a s tabi l ized, p r in ted-
c i rcu i t , operat ional amplif ier connected as a t ime 
in tegra tor . 

544. MICROANALYTICAL TECHNIQUES IN THE 
ANALYSIS OF HIGHLY RADIOACTIVE MA
TERIALS. M. T. Kelley. Mic rochem. J , , Symp. 
Ser . 2., 939-57 (1962). 

Microanalyt ica l techniques a r e employed that can be 
adapted to remote cont ro l . Liquid samples of 
5-7000 ^1 a r e m e a s u r e d with a servoactua ted pipet tor 
with a p rec i s ion of 0.3%. Coulometry is suited to r e 
mote application for the detection of U, Cu, Ni, Pu, 
and Np. Polarography is useful for de termining r e 
ducible ions. U in sub 7 amounts is detected by ex
t rac t ion , followed by f luor imet ry . Spec t rophotometry , 
flame photometry, and emiss ion spec t roscopy a r e 
also used. 

545. A PLUTONIUM MONITOR. D. A. Kelley, D. Tay-
lo r . In "Plutonium 1960," C leave r -Hume P r e s s 
Ltd., London, 1961, pp. 237-245. 

A completely t r ans i s t o r i zed unit was developed which 
can detect the 17-keV X - r a y s emit ted with 4% of the 
alphas from P u " ' ; 0.02/ic was detected through 1 cm 
of raw beefsteak (to s imulate human t i ssue) with a 
s igna l - to -no i se ra t io of 40 to 1. 



546. HANDLING ALPHA-ACTIVE PYROPHORIC 
MATERIALS. L, Kelman, W. D. Wilkinson, 
A. B. Shuck, R. C. Goertz, Nucleonics 14 
(3) 61-5; (4) 65-71; (5) 77-82 (1956). 

Fabricat ing Pu (the most difficult to handle of these 
metals) is complicated by combustible fine pa r t i c l e s 
and sometimes by intense gamma and beta ac t iv i t ies . 
Hazard evaluation points to severa l handling methods . 
Useful knowledge is presented for analyst handling of 
pyrophoric Pu connpounds. 

547. SOLVENT EXTRACTION BEHAVIOUR OF PLU
TONIUM CUPFERRATES. I. Pu(lll) CUPFER
RATE. D . M . K e m p . AERE-R-4119, July 1962. 

The solvent extraction of Pu(lll) cupferra te from IM 
chloride and 0.15M perchlora te media was invest igated. 
Pu(lll) is oxidized by cupferron, even in the p re sence 
of reducing agents such as hydroxyl amine. Solubility 
products and extraction constants were calculated. 

548. ANALYTICAL PROCEDURES FOR THE PLU
TONIUM METAL FABRICATION PROCESS. 
VIII. THE CARRIER CONCENTRATION METHOD. 
L. F . Kendall. HW-25206, Aug. 15, 1952. 

This method takes advantage of the difference in vola
ti l i t ies of the ma t r ix oxide and the impuri ty oxides. 
The more refractory ma t r ix (plutonium oxide) is not 
volatilized appreciably during exposure, while the i m 
puri t ies a re ca r r i ed into arc streann by means of the 
gallium oxide c a r r i e r . 

549. THE STRIPPING OF URANIUM AND PLUTO
NIUM FROM DEGRADED TBP/OK. J . Kennedy. 
AERE-M-1064, Aug 1962. 

Complete removal of Pu is effected with a reducing 
s t r ip consisting of O.OIM uranous ion in 0.3M HNO3. 

550. NUCLEAR SAFETY IN PLUTONIUM METAL 
DISSOLUTION. N. Ketzlach. HW-55707 (Del.), 
April 11, 1958. 

Experimental evidence as well as theore t ica l cons ider 
ations are presented which indicate that a Pu m e t a l -
Pu solution system can be more react ive than ei ther 
one alone. 

551. EXTRACTION OF PLUTONIUM(lV} FROM NI
TRIC ACID SOLUTIONS BY OXYGEN CONTAIN
ING AGENTS. V. A. Khalkin, P . N. Pa le i , A. A. 
Nemodruk. Radiokhimya^ , 215-22 (1963). 

Studies of Pu(lV) extract fronn ni t r ic acid solutions 
with e thers , ketones, ace ta tes , and aldehydes showed 
that of the agents studied, diethyl ether is the nnost 
effective. With 5.0 and 3.4M ni t r ic acid in aqueous 
and organic, respect ively, at equil ibrium, the d i s t r ibu
tion coefficient was 11.5. 

552. OBTAINING OF SOLID LAYERS OF URANIUM, 
NEPTUNIUM, PLUTONIUM, AND AMERICIUM 
BY ELECTROLYTIC DEPOSITION. G. I. 
Khlebnikov, E. P . Dergunov, Atomnaya Energ , 4^ 
376-7 (1958). Trans la ted in AEC- t r -3497 . 

A technique for prepar ing tough thin l ayers is p resented . 
Conditions of e lec t ro lys is a r e descr ibed, as well as 
preparat ion of the electrolyte and t rea tment of the 
target . 

553. DETERMINATION OF PLUTONIUM-239 BODY 
BURDEN USING GAMMA SPECTROMETRY 
WITH PROPORTIONAL COUNTERS. H. Kiefer, 
R. Maushar t . In "Whole-Body Counting," In te r 
national Atomic Energy Agency, Vienna, 1962, 
pp. 289-293. 

The construct ion of a par t -body monitor consist ing of 
eight l a r g e - a r e a proport ional counters i s desc r ibed . 
The assembly has almost 4 7V geometry for samples of 
up to 40 cm in length and 11 cm in d i ame te r . F o r 
m vivo m e a s u r e m e n t s , the subject p laces his a r m into 
the counter , while for ur ine analysis the liquid is mea 
sured without concentrat ion in specia l p las t ic bot t les . 

554. ISOTOPIC EXCHANGE BETWEEN Pu(III) AND 
Pu(IV). T. K. Keenan. J . Phys . Chem. 62, 
1117-20 (1957). 

Rates of exchange between Pu(III) and Pu(lV) in aqueous 
pe rch lo ra te solutions a re d i scussed . Separa t ion tech
niques involving the use of TBP were developed for 
cer ta in Pu concentra t ions . 

555. THE REPROCESSING OF URANIUM-
MOLYBDENUM NUCLEAR FUELS. T. Kikindai. 
Energie Nucl. .5, 372 (July-August 1963). 

P r o c e s s e s and difficulties encountered in reprocess ing 
U-Mo fuel for the r ecovery of Pu and U a re reviewed. 
The low solubility of Mo in acid medium causes most 
of the difficulty. 

556. ANALYSIS OF RADIOACTIVE FALLOUT OF THE 
ATOMIC-BOMB EXPLOSION ON BIKINI. 
K. Kimura . Radioisotopes _3. No. 1, 1-4, 1954. 

The radioact ive fallout was found to contain 55.2, 7.0, 
11.8, and 26.0% of CaO, MgO, CO^, and H P , r e s p e c 
tively, the chief constituent being Ca(OH)2. Al, Fe , and 
Si were also p re sen t . Its specific activity measu red on 
April 23, 1954, was 0.37 m c / g . Radioactive nuclei 
identified by March 26 were S r " , S r ' ° , Y ' » , Y " , Zr'=, 
Nb'=™ Nb'=, Ru"", Ru'»' , Rh ' ° ' , T e ' " " , T e ' " , T e ' " , 
jiM jU! j , ^ i«_ L a ' * , C e ' " , C e ' « , P r ' " , P r ' " , N b ' " , 
P m ' " , S " , C a " , U " ' , and P u " ' . 

557. ISOLATION OF P u " ' FROM URANIUM OXIDE 
IRRADIATED IN J R R - 1 . K. Kimura . T. Ishimori , 
K. Naito, H, Umezawa, K. Watanabe. J. Atomic 
Energy Soc. Japan 2̂ , 328-36 (June 1960). 

Natura l or depleted U ta rge t s were i r r ad ia t ed for 
30-60 hr with lO'* n /sec-cm^. After cooling for a few 
months , the Pu^^' was isolated by TBP extract ion and 
further purified by anion exchange, 

558. ANALYSIS FOR Pu(III) AND Pu(IV) ON A TRACER 
SCALE. E. L. King. CN-2726, Dec. 1, 1944. 

Niobium oxide, thor ium pyrophosphate , and zirconium 
phenyl a r sona te were found to c a r r y Pu to the extent 
of 90, 96, and 98%, respec t ive ly , in the p re sence of 
Pu . Conditions a r e d i scussed . Where sulfate is nec
e s sa ry , one must guard against the rapid oxidation of 
Pu ^ by O^ in the a i r . The use of z i rconium phenyl 
a r sona te has been investigated quite thoroughly. 

559. A SPECTROPHOTOMETRIC DETERMINATION 
OF MULTIMICROGRAM AMOUNTS OF PLUTO
NIUM. G . L . K i n g . LA-1197, Jan . 26, 1951, 



The red Pu-a l i za r insu l fona te color is developed m 
solutions of pH of about t h r e e in the p re sence of a 
formic ac id-sodium formate buffer, and the resul t ing 
absorpt ion is m e a s u r e d at 530 mu. Analysis of solu
tions in the range of 25-150 ^g gave a s tandard devia
tion of ±0.927o for de te rmined Pu content. 

560. TRANSURANIC ELEMENTS: ANALYTICAL 
CHEMISTRY. P . L. Kirk, C. J . Rodden. 
TID-5002, 1947, 

P rocedu re s and equipment for the de te rmina t ion of Pu 
under all conditions and in many mix tu re s a r e d i s 
cussed in detai l . The effect of o ther t r a n s u r a n i c e l e 
ments on analyt ical de te rmina t ions is given. 

561. A SELECTED LIST OF REFERENCES OF PLU
TONIUM HAZARDS. PART II. A. W. Klement , 
J r , , Compi ler , WASH-1002, Feb , 25, 1958. 

A bibliography of 140 re fe rences to books, technica l 
repor t s , and journal a r t i c l e s on the h a z a r d s of Pu is 
presented, 

562. SPHERICAL AND CYLINDRICAL PLUTONIUM 
CRITICAL MASSES. F . A. K love r s t rom. 
UCRL-4957, Sept. 1957. 

Exper iments to de te rmine c r i t i ca l m a s s e s of S-phase 
Pu cyl inders of th ree d i a m e t e r s and two spher ica l Pu 
cores with co re s a re r epor ted . 

562A. SOLUBILITY OF EDTA IN AMMONLA AND 
HYDROCHLORIC ACID AND ITS REACTION 
WITH URANIUM(IV) AND PLUTONIUM(IV). 
A. E. Klygin, I. D. Smirnova, N. A. Nikolskaya. 
Zhur . Neorg. Khim. J., 2766-71 (1959). 

Since the solubility of H4R has a min imum of 3.05 x 10" 
mo le s / l i t e r at pH = 1.6, th is is the optimum pH for 
prepar ing HjR from i ts Na sal t . The H^R complexes 
increase in stabili ty in the o rde r T h i V < U IV < Pu IV. 

563. SPECTROPHOTOMETRIC INVESTIGATION OF 
Pu(IV) COMPLEXING WITH ARSENAZO. 
A. E. Klygin, V. K. Pavlova. Zhur . Neorg . Khim. 
b, 1050-4 (May 1961). 

Spectrophotometr ic de te rmina t ion of Pu(IV) may be 
ca r r i ed out in solutions of 10"* mole of a r senazo and 
from 2 to 5 pH. Complex formation constants a r e also 
given. 

564. ACTINIDE METAL PRODUCTION. J . B . K n i g h t o n . 
U. S. Pa t . 3,109,731, Nov, 5, 1963. 

The reduction of oxides with Mg meta l in a me ta l 
chloride flux was studied for optimum condit ions. 

565. EXTRACTION OF URANIUM, PLUTONIUM, 
RUTHENIUM, AND ZIRCONIUM WITH TRI-ISO-
OCTYLAMINE. W. Knoch. Z. Natur forsch . , !b^, 
525-7 (1961). T rans l a t ed in A E C - t r - 5 1 9 7 . 

A cor re la t ion is made between par t i t ion coefficients, 
liquid concentra t ion, and complex type in the solvent 
extract ion of Pu, Ru, U, and Zr using t r i - i s o -
octylamine. 

566 SEPARATING PLUTONIUM FROM A META-
THESIZED BISMUTH PHOSPHATE CARRIER. 
W. J . Knox. S. G. Thompson. U. S. Pa t . 2,938,768, 
May 31 , 1960. 

The prec ip i ta te containing Bi and Pu was s l u r r e d with 
O.IM HNO3 and centrifuged. The Pu is found in the 
supernatant . Recovery is about 97%. The p r o c e s s is 
applicable to U and Np a l so . 

567. SOME LIQUID PHASE DIFFUSION COEFFICIENTS 
OF URANIUM AND PLUTONIUM. W. Knoch. 
J . Chem, Eng. Data .9(1), 60-1 (1964). 

Diffusion coefficients of Pu(IV) and U(VI) in HNO, 
solut ions, and some actual so lvent -ex t rac t ion sy s t ems 
like BujPOi-kerosene and t r i i sooc ty lamine-xy lene , 
were detected. Activation energ ies for the U diffusion 
a r e calculated. 

568. MICRODETERMINATION OF PLUTONIUM. 
C. W. Koch, National Nuclear Energy S e r i e s , 
Div, IV, Vol. 14B, Transu ran ium E l em en t s , 
P t . II, 1337-8, McGraw-Hil l Book Co. , Inc. , 
New York, 1949. 

Pu sulfate solut ions, approximately 5 mg P u / m l , a r e 
reduced to Pu '^ in a smal l Jones reductor and a r e 
t i t ra ted to Pu*+ with 0.0045M cer ic sulfate and fe r rous 
o-phen-anthrol ine as indicator . The reproducibi l i ty 
on 2.5-mg samples is ±0.25%. 

569. ELECTRODEPOSITION OF THE ACTINIDE 
ELEMENTS. R. Ko. HW-41025, Jan. 23, 1956, 

Th, U, Np, Pu, Am. and Cr have been deposited at 
m e t a l cathodes by the e lec t rolyt ic formation of base . 
The e lec t ro lys i s has been made in var ious acid solu
tions containing ammonium formate . The p re sence of 
formate reduces the hydrogen ion formation at the 
anode and makes quantitative precipi ta t ion of meta l 
hydroxides at the cathode poss ib le . 

570. ELECTRODEPOSITION OF THE ACTINIDE 
ELEMENTS. R. Ko. Nucleonics i ^ No. 1, 
72 (1957). 

This paper concerns the p repara t ion of thin films by 
electrodeposi t ion methods . Exper imenta l techniques 
a r e desc r ibed for Th, U, Np, Pu, Am, and Cm. 

571. ELECTROLYTIC OXIDATION OF PLUTONIUM. 
R. Ko. Anal. Chem. 28, 274 (Feb 1956). 

Quantitative e lectrodeposi t ion of Pu is desc r ibed in 
which Pu(VI) is reduced cathodically in a KOH solution 
and deposited as Pu(OH)4: the meta l mus t be in the 
sexivalent s ta te . Elec t ro ly t ic oxidation is to +6 s t a t e . 
Applicability is to ^g and mg quant i t ies of Pu. 

572. THE USE OF ANION EXCHANGE IN THE S P E C 
TROGRAPHIC DETERMINATION OF IMPURITIES 
IN PLUTONIUM. R. Ko. HW-57873, Oct. 20, 1958. 

This analysis is for Al, Ca, Cr , Fe , Mg, Mn, Ni, and Zn 
in Pu by anion exchange and spec t rographic ana lys i s . 

573. SPECTROCHEMICAL ANALYSIS OF HIGH 
PURITY PLUTONIUM FOR METAL IMPURITIES 
USING ANION EXCHANGE. R. Ko. HW-69199, 
April 11, 1961. 

Pu was separa ted by adsorpt ion of the n i t ra te complex 
on Dowex 1. The meta l impur i t i e s were not absorbed . 
The res idue from evaporat ion of the solution was ana
lyzed by d-c a rc excitation. F e , Ni, Cr , Ca, and Mn 
were de termined below 1 ppm. A coefficient of v a r i a 
tion of ±14% at the 2-ppm level was e s t ima ted . 



574. DETERMINATION OF ZIRCONIUM IN PLUTO
NIUM BY ION EXCHANGE AND SPECTROG
RAPHY. R. Ko. Appl. Spectroscopy 13, 10-11 
(1959). 

The Pu is separa ted by retaining the Pu as a n i t ra te 
complex on Dowex-1 anion exchange r e s in . The efflu
ent and wash containing the Zr was evaporated to a 
small volume and analyzed for Zr by g raph i t e - spa rk 
excitation using Co as the internal s tandard . Concen
trat ions as low as 20 ppnn of Zr have been de termined 
with a precis ion of ±17 (95% C.L.) for a single 
determination. 

575. TRILAURYLAMINE EXTRACTION: SPECTRO
GRAPHIC DETERMINATION OF TANTALUM IN 
PLUTONIUM. R. Ko. HW-79738, Dec 1963. 

Pu is dissolved in HCl and separa ted by t r i l au ry lamine 
extraction from dissolved and undissolved Ta. HF is 
added to dissolve all the Ta. Using a Nb in ternal s tan
dard, the Ta is determined by g raph i t e - spa rk spec
trographic analysis . Relative standard deviation was 
±7% for 50 ppm in 50 mg of Pu. 

576. MICRODETERMINATION OF PLUTONIUM. 
C. W. Koch. National Nuclear Energy Se r i e s , 
Div. IV, Vol. 14B, Transuran ium Elements , 
P a r t 2, 1337-8. McGraw-Hil l Book Co., Inc. , 
New York, 1949. 

577. THE INFLUENCE OF THE MATRIX ON THE 
CARRIER DISTILLATION OF METALLIC IM
PURITIES FROM PuOa AND UjOg. R. J. Kofoed, 
J r . HW-54032, April 10, 1958. 

The preparat ion of high-puri ty PuOa spect rographic 
standards is described and compared with s tandards 
based on UsOg. 

578. SEPARATION OF TRANSURANIC ELEMENTS 
FROM RARE EARTH COMPOUNDS. T. P . 
Kohman. U. S. Pat . 3,009,767, Nov. 21, 1961. 

A process is descr ibed for separat ing Np and Pu 
values from r a r e ear ths and alkaline ear th fission 
products present on a solid, mixed, actinide c a r r i e r 
[ Th or U(IV) oxalate, or f luoride-fission product c a r 
r ier LaF j , CeFs, SrF^, CaF^, YF3, La oxalate, cerous 
oxalate, Sr oxalate, Ca oxalate, or Y oxalate] by ex
traction of the actinides at elevated t e m p e r a t u r e s with 
a solution of ammonium fluorides and /or amnnonium 
oxalate. 

579. PREPARATION OF PLUTONIUM. M. Kolodney. 
U. S. Pat . 2,893,928, April 7, 1959. 

A nnethod is presented for electrodeposi t ion of Pu from 
fused mixtures of Pu halides and halides of alkali 
nnetals at t empera tu res of 600-850°C in a nonoxidizing 
atnnosphere. The higher tennperature is used for the 
powder fornn. A refractory crucible of Ta is s o m e 
times used as the cathode. 

580. STRUCTURE AND THERMAL EXPANSION OF 
6 AND 7) PLUTONIUM. S. T. Konobeevskii, 
N. T. Chebotarev. Atomnaya Energ . j_0, 50-7 
(Jan 1961). 

In all examined s t r u c t u r e s , t h e r m a l expansion anisot
ropy resu l t s from the weakening of four covalent bonds 
and i r r egu l a r dis t r ibut ions in in te ra tomic d i s tances in 
crys ta l l ine l a t t i ces . 

581. TRACER EXPERIMENTS ON THE SOLVENT 
EXTRACTION OF NEPTUNIUM AND PLUTO
NIUM. J. Kooi. JENER-Pub-11, 1956. 

Three solvents were studied: diethyl e ther , dibutyl 
carbi tol , and methyl isobutyl ketone. The ext rac t ions 
were made from ni t r ic acid solution. 

582. AN IMPROVED METHOD FOR THE DETERMI
NATION OF TRACE QUANTITIES OF PLUTO
NIUM IN AQUEOUS MEDIA. I. METHOD AND 
PROCEDURE. J . Kooi, U. Holls te in . Health 
Phys . 1, 41-8 (Feb 1962). 

Improvements were made on a recent ly published 
method for determining t r a c e r amounts of Pu in aque
ous media . Essen t ia l ly , the method cons i s t s of a b i s 
muth phosphate co-precipi ta t ion , and an extract ion with 
cupferron as a complexing agent. 

582A. AN IMPROVED METHOD FOR THE DETERMI
NATION OF TRACE QUANTITIES OF PLUTO
NIUM IN AQUEOUS MEDIA. II. INTERFER
ENCE OF IRON, CALCIUM, URANIUM, AND 
CHLORINE; APPLICATION TO SEA WATER 
AND URINE. U. Holls tein, A. H. M. Hoogma, 
J, Kooi. Health Phys . _8, 49-59 (Feb 1962). 

The applicability of the method for determining Pu in 
aqueous nnedia by solvent ext rac t ion with cupferron 
was extended. Modifications requ i red for application 
of the method to ur ine and sea water a r e given. 

583. SUPERFINE AND ISOTOPIC STRUCTURE IN THE 
SPECTRUM OF PLUTONIUM. L. A. Korostyliva. 
Optika i Spektroskopiya V4, 177-83 (1963). Trans
lated in Opt. Spectry . (USSR), 14: 93-95 (Feb 1963). 

Some 118 l ines were m e a s u r e d in the 3900-6900 A r e 
gion of the isotopic shift in a Pu -Pu mix tu re . Of 
these l ines , 51 had only isotopic s t ruc tu re and 67 had 
both isotopic and hyperfine s t r u c t u r e . The spectrunn 
shifts were also given. 

584. PROCEDURE FOR THE DETERMINATION OF 
PLUTONIUM IN URINE. M. E. Koshland, L. M. 
Brown, M. J, Cook, D. E. Koshland, J r . MonN-92, 
May 21, 1946. 

The procedure involves the d i rec t precipi ta t ion of 
CaCr04 from ur ine , oxidation of the oxalate to dissolve 
the prec ip i ta te , a precipi ta t ion of La(OH)3 to separate 
from Ca, and a final LaF j prec ip i ta t ion . The yield is 
about 92 + 2.6%. 

585. DEVELOPMENT OF RADIOCHEMICAL ANALYT
ICAL PROCEDURES FOR PLUTONIUM. II. 
RECOMMENDATIONS FOR A STANDARD PRO
CEDURE AND TESTS IN URANYL SOLUTIONS. 
D. E. Koshland, J r . CN-2041, Jan . 8, 1945. 

The developnnent of p rocedures for the analys is of total 
Pu in solution and the percentage of Pu(Vl) in solution 
a r e desc r ibed . 



586. SEPARATION OF TRANSURANIUM ELEMENTS 
BY SOLVENT EXTRACTION WITH ALKYLPHOS
PHORIC ACIDS. V. N. Kosyakov, E. S. Gureev, 
G. N. Yakovlev. Transplu tonium Element Sym
posium Held at Argonne National Labora tory , 
May 1963, C O N F - 7 2 - 2 . 

The alkylphosphoric acids were studied as ex t rac tan t s 
for t r ansu ran ium e lements of different va lences . The 
mechanism of ext rac t ion has a ca t ion-exchange na tu re , 
and these cations a r e affected differently by acid and 
extractant ion concent ra t ions , as well as diluent na tu re 
and concentrat ion of complexing anion in aqueous phase . 

587. SQUARE-WAVE POLAROGRAPHY OF PLUTO
NIUM. K. Koyama. Anal. Chem. 1^ , 523-4 
(I960). 

Pu in concentra t ions below lO'^M is easi ly de te rmined 
in hydrochlor ic or n i t r ic acid medium with a s ta t ionary 
Pt e lec t rode . Half-wave potent ials ag ree with accepted 
values. The method has higher sensi t ivi ty than con
ventional methods . 

588. CHEMICAL ANALYSES OF PLUTONIUM AND 
PLUTONIUM ALLOYS: METHODS AND TECH
NIQUES. R. Kraft, C. Wensr ich , A. Langhors t , 
J r . UCRL-6873, Apri l U . 1962. 

References (355) a r e given to books, pe r iod ica l s , and 
repor t s published from 1950 to July 1961. 

589. SOLUTION CHEMISTRY OF PLUTONIUM. 
K. A. K r a u s . In TID-7683, Plutonium Chemis t ry 
Symposium, Chicago, I l l inois , Feb . 18, 1963, 
pp. 30-35. 

Among the p rope r t i e s of Pu solution d i scussed a r e the 
c a r r i e r p r o p e r t i e s , d ispropor t ionat ion r eac t ions , hy
dro lys i s , solvent ex t rac t ion , connplexes, and ion-
exchange p r o p e r t i e s , 

590. STUDIES ON POLYMERIC Pu(lV); DEPOLYMER
IZATION OF POLYMERIC Pu(lV) SOLUTIONS 
IN NITRIC ACID. K. A. K r a u s . CN-3399, 
June 30, 1945. 

It was noted that in genera l depolymer iza t ion follows a 
f i r s t -o rde r law. Genera l a spec t s of the spec t rophoto
nnetric analysis of two-connponent sy s t ems a r e 
d iscussed. 

591. CHEMISTRY OF AQUEOUS URANIUM(V) SOLU
TIONS. I. ANALOGY WITH Np AND Pu(V). 
K. A. Kraus , F . Nelson, G. L. Johnson. J . Am. 
Chem. S o c . 2 1 , 2510-2517 (1949). 

Methods of p repa ra t ion , ac id-s tab i l i ty range-oxidat ion 
potentials , and diffusion coefficient of U(V) a r e given. 

592. ABSORPTION OF NEGATIVELY CHARGED COM
PLEXES BY CATION EXCHANGERS. K. A, K r a u s , 
D. C. Michelson, F . Nelson. J . Am. Chem. Soc. 
_81., 3204 (1959). 

Strong absorpt ion of some negatively charged complexes 
by cat ion-exchange r e s i n s is demons t r a t ed . The use of 
anionic complexes for separa t ion on cation exchangers 
is i l lus t ra ted . 

593. HYDROLYTIC BEHAVIOR OF METAL IONS. 
I. THE ACID CONSTANTS OF URANIUM(IV) 
AND PLUTONIUM(IV). K. A. K r a u s , F . Nelson. 
J . Am. Chem. Soc. 2 2 , 3901-6 (1950). 

The acid constant of Pu"^(Kj„ = 0.025, p. = 0.5) was 
found to be a lmost identical with, though slightly 
s m a l l e r , than that of U"*"*. The spec t r a l data , the quan
ti tat ive hydrolytic data, and the observa t ion that the 
chlor ide complexes of U(IV) and Pu(lV) a re weak, a r e 
confirmatory evidence of the hypothesis that these 
e lements a r e m e m b e r s of a " r a r e - e a r t h - l i k e " s e r i e s . 

594. THE QUANTITATIVE SEPARATION OF P L U T O 
NIUM FROM VARIOUS IONS BY ANION EX
CHANGE. I. K. Kre s s in , G. R. Waterbury . 
Anal. C h e m . i i , 1598-1601 (1962). 

Pu is absorbed on Dowex 1 x 2 r e s in from 7.2M n i t r i c 
acid, while other ions a r e washed from the column 
with the same acid. The Pu is eluted with 0.36M 
HCl-O.OlM HF mix tu re . Recovery averaged 100%. 

595. PROPERTIES OF NITRIC SOLUTIONS OF P L U 
TONYL. II. FORMATION OF PLUTONYL COM
PLEXES IN NITRIC SOLUTIONS. 
M. E. Krevinskaya, V. D. Nikolskii , B. G, P o j a r -
skii . Radiokhimiya X- 554-61 (1959). T rans l a t ed 
in C E A - t r - R - 1 5 1 4 . 

Plutonyl absorpt ion spec t ra were studied as a function 
of n i t r ic acid concentrat ion to de te rmine the compos i 
tion of connplexing anions. 

596. PLUTONIUM IN MAN AND HIS ENVIRONMENT. 
P . W. Krey, D. Bogen, E . F r e n c h . Nature 195, 
263-5 (July 21, 1962). 

Dis t r ibut ion in man and animals from fallout is de
sc r ibed . Average ground- level a i r concentra t ion on 
0.14 dpm/lOOm^ was col lected in the spr ing of 1959 at 
Washington, D. C. Pu analyses were also made on 
human t i s sues from the New York met ropol i tan a r e a , 
and on s t ee r t i s sues and beef. 

597. MASS SPECTROMETRIC DETERMINATION OF 
THE YIELD OF FISSION FRAGMENTS OF HEAVY 
NUCLEI AND PRODUCTS OF CERTAIN OTHER 
NUCLEAR REACTIONS. L. Kr izhansk i i . T r . 
Tashkentsk. Konf. po Mirnomu Ispolz . At. E n e r g i i , 
Akad. Nauk Uz. SSR J_. 222-7 (196I). T r a n s l a t e d 
in AEC- t r -6398 , pp. 288-295. 

F r a g m e n t formation from Pu^^' f ission is de te rmined 
by using a PuO; mold exposed to neutron beam. After 
cooling and dissolut ion in HNO^HF, rad iochemica l 
and m a s s s p e c t r o m e t r i c de te rmina t ions were made . 

598. BEHAVIOR OF ETHYLENEDIAMINETETRA-
ACETIC ACID IN ACID SOLUTIONS AND R E 
ACTION WITH U(IV). I. VERIFICATION OF 
Pu(lV)-EDTA STABILITY CONSTANTS. N . N . K r o t , 
N, P . E rmolaev , A. D, Gelman. Zh. Neorg . Khim. 
2 , 2054-60 (Sept 1962). 

Spect rophotometr ic studies were made of U(VI} c o m 
plexing in acid med ium. The obtained data were used 
for varif icat ion of Pu(IV)-EDTA stabili ty cons tan t s . 



599. THE DEVELOPMENT OF CHELATING AGENTS 
FOR ENHANCING THE URINARY EXCRETION 
OF STRONTIUM. H. Krol l , K. Wunschel, T. Wolf, 
TID-14373, Annual Report , Feb rua ry 1, 1961-
November 30, 1961. 

Tr ie thylenetr iamine hexacetic acid (TTHA) was syn
thesized and tes ted for promoting Pu excret ion in r a t s . 

600. CRITICAL MASS STUDIES OF PLUTONIUM 
SOLUTIONS. F . E . Krues i , J. O. E rkman , D, D. 
Lanning. HW-24514 (Del,), May 19, 1952. 

Cri t ical m a s s studies were made for a variety of s izes 
of spheres and cyl inders . The effects of d isplacement 
of hydrogen and the addition of poisons were m e a s u r e d . 
The absorption c ross section for Pu '̂*" is 925 ± 
200 barns , and the minimum cr i t ica l m a s s of Pu^^' in 
water is 510 g rams at a concentrat ion of 33 g r a m s / 
l i ter . 

601. ADVANCES IN ANALYTICAL CHEMISTRY OF U, 
Th, AND Pu. V, I. Kuznetsov, S. B. Savvin, V. A. 
Mikhailov. Uspekhi Khim. _29, 525-67 (i960). 

The chennical methods for determining U, Th, and Pu 
are reviewed, and the analytical react ions with these 
elements are discussed. 

602. COPRECIPITATION OF Pu(lV) WITH ORGANIC 
COPRECIPITANTS. V. I. Kuznetsov, T. G. Aki-
mova. Atomnaya Energ . ^ 148-150 (i960). 
Transla ted in JPRS-5150. 

603. THE EXTRACTION OF COLORED COMPLEXES 
FORMED BY REAGENTS OF THE ARSENAZO-
THORON GROUP. V. I. Kuznetsov, S. B. Savvin, 
Doklady Akad, Nauk S.S.S.R. .140, 125-8 ( l96 l ) . 

The detection of U, Th, Pu, Al, and other e lements by 
reagents of the a rsenazo- thoron group by extract ion 
and photometry is descr ibed. The method for detecting 
the above elennents in dilute solutions by precipi tat ion 
and subsequent extraction is also descr ibed. 

604. A RECORDER FOR RADIOACTIVE AEROSOLS, 
J . Labeyrie , M. Pe l le . J . Phys . Radium M, 
477-80 (July-August-September 1953). 

This apparatus gives a continuous nneasure of the a, 
^", and 7 radioactivity ca r r i ed by the ae roso l s p resen t 
in the air . 

605. ABSORPTIOMETRY WITH POLYCHROMATIC 
X-RAYS, M, C, Lamber t , HW-SA-1972, 
Sept. 1, I960. 

A description of the pr inciples of absorp t iomet ry with 
polychromatic X- rays and a short h i s to r ica l account of 
the instrumentation development a re given. Typical 
applications of the method to the analysis of single and 
mixed solutes and to the analysis of meta l alloys a r e 
described, 

606. X-RAY PHOTOMETRIC ASSAY OF PLUTONIUM 
IN METAL CASTINGS. M. C. Lamber t . 
HW-26499 (Del.), Dec. 12, 1952. 

Aspects of the X-ray photometr ic method, such as s a m 
ple size, concentration, h igh-prec is ion measurennent 
technique, correct ion for extraneous subs tances , and 
connparison of chemical and X- ray r e s u l t s , a r e 
presented. 

607. QUARTERLY STATUS REPORT ON LAMPRE 
PROGRAM FOR PERIOD ENDING NOVEMBER 
20, 1961. Los Alamos Scientific Lab. , LAMS-
2647, Dec 1961. 

A p rocess for r ep rocess ing UC-PuC buttons was de
veloped which compr i ses the following s t eps : d issolu
tion in 13M HNO3-O.O5M HF, dilution, ex t rac t ion of Pu 
and U into TBP, and select ive str ipping of Pu and U. 
A process ing method was devised for r ecovery of U 
and Pu from Na paste blankets or paste c o r e s . 

608. QUARTERLY STATUS REPORT ON LAMPRE 
PROGRAM FOR PERIOD ENDING FEBRUARY 
20, 1962. Los Alamos Scientific Lab . , LAMS-
2681, March 1962. 

Resul t s a re presen ted of runs on the separa t ion of Pu 
fronn fission products by volat i l izat ion and liquidation. 

609. DETERMINATION OF PLUTONIUM IN HUMAN 
URINE. W. H. Langham. MDDC-I555 . 

An account is given of the collection, ashing, and anal
ys i s of a 24-hour ur ine sample for Pu, 

610. PREPARATION OF HIGH PURITY NEPTUNIUM 
ON MULTIGRAM SCALE, P . M, Lantz , W, J, 
Mart in , G, W. P a r k e r . ORNL-2642, Jan . 22, 1959. 

Np was recovered in high yield fronn a solution contain
ing 60 t imes as much Th as Np, plus t r a c e s of U, Pu, 
and meta l cor ros ion p roduc t s . 

611. A SENSITIVE CONTINUAL MONITOR FOR THE 
DETECTION OF AIRBORNE PLUTONIUM. 
A. C. Lapsley. D P - 2 0 1 , Feb 1957. 

An air impactor is used to collect the Pu and to reject 
the background alpha activity in the a i r . The threshold 
for detection is between one-half and twice the maxinnunn 
p e r m i s s i b l e biological concentrat ion of Pu. 

612. DETERMINATION OF URANIUM AND PLUTO
NIUM IN URANIUM-PLUTONIUM-FISSION 
ELEMENT ALLOYS. R. P . L a r s e n and C. A. 
Sel ls , J r . Anal. Chem. 2Z_, 1863-6 (i960). 

A tr ibutyl phosphate-hydrochlor ic acid extract ion sys-
tenn was used to separa te U and Pu fronn cer ta in fission 
e lements and from each other p r io r to X- ray spec t ro
m e t r i c deternnination of the U and spectrophotonnetric 
deternnination of Pu as the n i t ra te complex. Co
precipi ta t ion of Pu(lll) with lanthanunn fluoride was also 
used to separa te the Pu. The coefficient of variat ions 
for both Pu and U was bet ter than 1%. 

613. PLUTONIUM FROM SWEDISH REACTOR FUEL. 
A. La r s son . Tek. T idskr . .93(28), 709-13 (1963). 

The Pu in HNO, solution is ex t rac ted by BU3PO4. The 
Pu(lV) is reduced to Pu(lII) with Fe sulfamate and then 
r e - e x t r a c t e d to the aqueous phase , which is freed from 
the fission produc ts . The purif ication is continued so 
that a purifying factor of 2 x 10^ for U and 2 x 1 0 ^ for 
Pu is attained. 

614. PREPARATION BY ELECTRO-SPRAYING OF 
THIN URANIUM, PLUTONIUM AND BORON 
SAMPLES FOR NEUTRON CROSS SECTION 
MEASUREMENTS IN 47T GEOMETRY. K. F . 
Lauer , V. Verdingh. Nucl. Ins t r . Methods 2^, 
161-166 (Jan 1963). 



P r e p a r a t i o n of thin f i lms of U, B, and Pu by e l e c t r o -
spraying is describ&d. Samples with a d iamete r up to 
5 cnn may be p r e p a r e d . 

615. PuQFUA, AN IBM 704 CODE FOR COMPUTING 
PLUTONIUM BODY BURDENS. J . N. P . Lawrence . 
Health Phys._8, 61-6 (1962). 

PuQFUA is an IBM 704 F o r t r a n p r o g r a m , wr i t ten p r i 
mar i ly for Pu^^', which ca lcu la tes from u r i n a l y s e s the 
Pu body burden in m i c r o c u r i e s and the percentage of 
the nnaximum p e r m i s s i b l e body burden. 

616. REACTOR FUEL PROCESSING. S. Lawrosk i , Ed. 
A Quar te r ly Technical P r o g r e s s Review, Vol. 5, 
No. 1 (Jan 1962). 

Included a r e sect ions concerned with c o m m e r c i a l a s 
pects of fuel p rocess ing , aqueous and nonaqueous p r o 
cessing, waste d isposal , production of U, Th, Pu, and 
their compounds, and fuel p rocess ing safety. 

617. SURVEY OF SEPARATION PROCESSES FOR 
IRRADIATED FUELS. S. Lawrosk i , H. H. Hyman. 
P r o g r e s s in Nuclear E n e r g y - S e r i e s 3: P r o c e s s 
Chemis t ry , 43-53 , McGraw-Hi l l Book Co. , Inc. , 
New York, 1956. 

618. PLUTONIUM PEROXIDE PRECIPITATION. 
J . A. Lea ry , A. N. Morgan, W. J . Maraman . 
Ind. Eng. Chem. 51 . 27-31 (1959). 

Precip i ta t ion of the hexagonal s t r uc tu r e of plutonium 
peroxide is an excellent concentra t ion and purif ication 
step in Pu meta l p repara t ion . Format ion of the un
desi rable cubic s t ruc tu re is avoided by p roper control 
of p rocess va r i ab l e s . 

619. ANALYTICAL PROCEDURES FOR THE METAL 
FABRICATION PROCESS. X. DETERMINATION 
OF CARBON IN PLUTONIUM METAL BY A 
MICROCOMBUSTION METHOD. M. B. Leboeuf. 
HW-20212, F e b . 20. 1951. 

This paper de sc r ibe s a mic rocombus t ion method o r ig i 
nally developed for s teel ana lys i s , with ref inements of 
the appara tus and method. 

620. ANALYTICAL PROCEDURES FOR THE P L U T O 
NIUM METAL FABRICATION PROCESS. XU. 
DETERMINATION OF SULFIDE IN PLUTONIUM. 
M. B. Leboeuf. HW-25005, July 25, 1952. 

The meta l is d issolved in hot HCl to evolve hydrogen 
sulfide. The gas is swept out by N and absorbed in 
dilute zinc ace ta te . The sulfide is then t r ea t ed with a 
reagent composed of fe r r i c chlor ide and p - a m m o d i -
methyl anil ine in dilute hydrochlor ic acid to form meth 
ylene blue. The optical density of resu l tan t solution is 
read at 668 m/i. 

621. SEPARATION OF PLUTONIUM AND URANIUM 
BY SOLVENT EXTRACTION. M. Lefort (In 
F r e n c h ) . Bull. Soc. Chem. F r a n c e _3, 616-17 
(March 1962). 

A method is desc r ibed which p e r m i t s rapid yields 
higher than 807o of Pu t r a c e s from a la rge quantity of U. 
The ext rac t ion of Pu takes place in a mix tu re of t r i 
butyl phosphate and 1 ,1 ,1- t r i f luoro-3 , 2-thenoyl acetone . 

622. MECHANICAL CHARACTERISTICS AND P E R 
FORMANCE OF LIQUID-LIQUID EXTRACTION 
COLUMNS (thesis) . Hugh Rober ts Lehman. 
UCRL-1558, Nov 1951. 

Represen ta t ive nnass - t rans fe r data for ex t rac t ion of 
Pu( lV)-TTA chelate have been obtained in pulsed and 
packed columns of 1-in. dianneter. 

623. A NEW PROCEDURE FOR PLUTONIUM URI
NALYSIS. S. C. Leidt, S. M. Sande r s , J r . 
AECU-4414, July 1959. 

Urine is evaporated and we t -ashed , and the Pu is s e p 
a ra t ed from macroquant i t ies of other inorganic ions by 
anion exchange and then e lec t rodepos i ted on a s t a i n l e s s -
s teel disk. Recovery for the method is about 74% for a 
0 . 8 8 - d / m / l . 5 l i ter spike. Time for ana lys i s i s about 
2 days . 

624. ABSORPTION SPECTRA OF CRYSTALS OF 
PLUTONIUM SALTS. A. M. Leontovich. Optika 
I Spektroskopiya 2.(6), 695-703(1957) . T r a n s 
lated in AEC- t r -3716 . 

The absorption spec t ra of the c r y s t a l s of some Pu sa l t s 
at t e m p e r a t u r e s +20 to - n C C have been invest igated. 
The spec t r a of the sa l t s have a r a the r different intensity 
and s t ruc tu re , and great ly differ from the s p e c t r a of 
corresponding solut ions. 

625. DETERMINATION OF THE CONVERSION RATIO 
OF THE EXPERIMENTAL BREEDER REACTOR 
BY RADIOCHEMICAL METHODS. "PRODUCTION 
AND CONSUMPTION PATTERNS IN THE EBR." 
M. Levenson. Argonne National Labora to ry . 
ANL-5095, Dec. 23, 1953. 

An evaluation of breeding in the EBR by chemica l 
methods is descr ibed . The method for de te rmin ing Pu 
production and U consumption involved accura te m e a 
surement of neutron spec t ra , c r o s s sect ions for fission 
and cap ture , and result ing values of a for U"^ and 
Pu^^'. A net conversion ra t io of one was obtained. Of 
the total Pu produced, 63.97o occu r r ed in the outer 
blanket, and 35.7% in the inner blanket . 

626. PLUTONIUM - HALF-LIFE FOR ^' DECAY. 
C. A. Levine, A. Ghiorso, G. T. Seaborg . P h y s . 
Rev. 2 1 - 296 (1950). 

P u " * (half-life 90 yea r s ) can presumably be der ived 
from U"* by a double ^ ' mechan i sm. The half-l ife of 
U"^ for this react ion is 76 x lO'® y e a r s , and 2 neut rons 
a r e probably emit ted. 

627. THE OCCURRENCE OF PLUTONIUM IN NATURE. 
C. A. Levine, G. T. Seaborg. AECD-3043 (UCRL-
1025), Nov. 29, 1950, and J, Am. Chem. Soc. JZ, 
3278-83 (1951). 

Plutonium has been chemical ly sepa ra ted from seven 
different o r e s . All Pu was P u " ' , probably formed by 
U^^* capturing neutrons formed by (a,n) reac t ion on 
light e lements in o r e s and cosmic r a y s . The lower 
concentra t ion in some o r e s is due to neu t ron-absorb ing 
impur i t i e s . Concentrat ion va r i ed from one par t in 
! 0 " to 10^^ pa r t s o r e . 



628. LITERATURE SURVEY OF DRY FLUORIDE 
METHODS FOR SEPARATING URANIUM, PLU
TONIUM, AND FISSION PRODUCTS. R. E . Leuze . 
CF-50 -5 -113 , May 11, 1950. 

629. SEPARATION OF PLUTONIUM FROM IRRADI
ATED URANIUM, AND FRACTIONATION OF 
LONG-LIVED FISSION PRODUCTS BY ION EX
CHANGE. R. O, Lingjaerde . JENER-48 , 
April 1957. 

Ru*°^, Sr'", C s ' " plus U are separa ted from Pu, Ce'**, 
and Pm''*' on a cation-exchange res in , the Ce''*^ and 
Pm'*' then being separa ted from Pu by use of an anion-
exchange res in . 

630. A 3-STAGED METHOD FOR THE RECOVERY 
OF PLUTONIUM FROM IRRADIATED FUELS. 
R. O. Lingjaerde. JENER-55 , June 24, 1958. 

The process involves three s tages : (l) Extract ion of 
U + Pu with TBP, (2) separat ion of Z r / N b from the 
TBP phase on a s i l ica-gel column, and (3) separat ing 
Pu from U (still in the TBP phase) on a Dowex-50 
column. 

631. HIGH LEVEL ALPHA AIR MONITOR. G. D. 
Linsey, R. A. Harvey. HW-49561, June 14, 1957. 

This report descr ibes a high-level alpha air moni tor 
giving an a la rm at 10,000 nnpc of a i rborne Pu in 
3 minutes or 1,000 mpc in 30 minutes . 

632. SEPARATION OF PLUTONIUM FROM IRRADI
ATED URANIUM AND FRACTIONATION OF 
LONG-LIVED FISSION PRODUCTS BY ION EX
CHANGE. R. O. Lingjaerde. JENER-48 , 
April 1957. 

The long-lived R u ' " , Sr®°, and C s ' " plus U a re sep
arated fronn Pu, Ce , and Pm on a cat ion-exchange 
res in . The lat ter two a r e removed from Pu on an 
anion-exchange res in . 

633. SPECTROPHOTOMETRIC STUDIES OF PLU-
TONIUM(IV) COMPLEXING WITH NITRIC ACID 
SOLUTIONS. L. V. Lipis , B. G. Pozharsk i i , 
V. V. Fomin. Zhur . Strukt. Khim. 2 J 135-44 
(July-August I960). 

Pu(lV) complexing in ni t r ic acid solution was studied. 
The composition of connplex ions is descr ibed by the 
formula [ Pu(N03)n(H20)g_^]*"", where n - 1 to 6. 

634. ABSORPTION SPECTRA OF TRIVALENT PLU
TONIUM HALIDES. L. V. Lipis , B. G. P o z h a r 
skii . Zhur. Neorg. K h i m . l , 2162-6 (Oct I960), 

The absorption spec t ra of t r ivalent plutoniunn chlor ide , 
fluoride, and bromide were studied at ~10,000 to 
3400 A. Absorption spec t ra at -195.8 exhibited spal -
lated lines in the crystal l ine field, forming a number 
of components (fronn 2 to 12) depending on the type of 
compound, 

635. SPECTROPHOTOMETRIC STUDY OF THE FOR
MATION OF THE SULFATE COMPLEXES OF 
Pu(lV) IN NITRIC ACID SOLUTIONS, A. A. 
Lipovskii, N. B. Chernyavskaya. Zhur, Neorg. 
Khim. ±, 244-7, 1959. 

The changes in absorpt ion spec t r a of Pu(lV) in 1.5N 
HNO3 were de termined in re la t ion to the K2SO4 con
centrat ion. The rapid changes in absorpt ion bands in
dicate the g rea t e r stabil i ty of the SO4 complexes . 

636. PRODUCTS RESULTING FROM IRRADIATION 
OF URANIUM. J . E. Li t t lechi ld . Royal Inst . 
Chem. Journ . Vol. ^ , pp. 433-45, 1957. 

This is the text of a l ec ture covering i r r ad ia t ion of U, 
fission products produced, ext rac t ion and purif ication 
of Pu, t r ea tment of depleted U, and d isposa l of highly 
active effluents. 

637. TOTAL BODY GAMMA-RAY COUNTING OF 
PLUTONIUM-239. R. D. Lloyd, C. W. Mays , 
W, F i s h e r , R. Hintze. In COO-226, R e s e a r c h in 
Radiobiology, Annual Repor t of Work in P r o g r e s s 
on the Chronic Toxicity P r o g r a m , March 1962, 
pp. 76-83. 

The infrequent gannma-rays produced in the rad io 
active decay of P u " ' have been used to assay the Pu 
content of living dogs. The y - r a y s at 100 and 380 keV 
can be employed in the m e a s u r e m e n t of Pu " in the 
skeleton. 

638. REACTOR PHYSICS PRIMER. E. H. Lockwood. 
HW-51856, Nov. 15, 1957. 

An introduction for the beginner to the fundamentals of 
nuclear physics is p resen ted , dealing general ly with 
the r eac to r physics aspects of the p r o c e s s e s used at 
Hanford in the production of Pu, 

639. SOME PHYSICAL PROPERTIES OF METALLIC 
PLUTONIUM. W. B. H. Lord . Nature FH-
534-5 (March 1954). 

Trans i t ion tennpera tures , dens i t ies , and coefficients of 
thernnal expansion of the five al lotropic modifications 
of meta l l ic Pu a r e given. 

640. SOME PHYSICAL PROPERTIES OF PLUTONIUM. 
W. B. H, Lord . Met . Rev. 8, 277-310 (1963). 

The nnain physical p rope r t i e s of Pu a r e reviewed, and 
some of the theore t i ca l problenns set by its behavior 
a re outlined. 

641. THE DEVELOPMENT OF HANDLING TECH
NIQUES FOR THE STUDY OF PLUTONIUM 
METAL, W. B. H. Lord, M. B. Waldron. J. Inst. 
Metals 86, 385-92 (1958). 

Meta l lurg ica l s tudies of Pu are connplicated by its fis
sionable na tu re , its ex t reme radioact ive toxicity, and 
its ready oxidation to form a fine powder. The relative 
m e r i t s of var ious handling arrangennents a r e discussed. 

642. THE ANALYSIS OF PLUTONIUM-241 IN URINE. 
J. J. D. Ludwick. HW-64170, March 23, I960. 

The method is based on the recovery of Pu from e lec
t rodeposi ted disc and subsequent ext rac t ion of the Pu 
from IN HCl into a liquid sc int i l la tor containing dibutyl 
phosphate. Samples containing as l i t t le as 2.2 x 10"^ ^c 
of P u " ' may be detected. This r e p r e s e n t s 3.5% of the 
maxinnum pe rmis s ib l e dose 90 days after personnel 
exposure . 



643. DEMONSTRATION AND MEASUREMENT OF 
P u " ' I N PLANTS. F . Ludwieg. Atompraxis 1 , 
57-8 (Feb 1962). 

Detailed ins t ruc t ions a r e given for de te rminmg Pu 
in plant foods (as a r e su l t of fallout), and feedstuffs 
produced from them. 

644 THE MEASUREMENT OF OXYGEN TO METAL 
RATIO IN SOLID SOLUTION OF URANIUM AND 
PLUTONIUM DIOXIDES. W. L, Lyon. GEAP-
4271, May 31, 1963. 

A survey was made of methods potentially useful for 
determinat ion of oxygen- to -meta l r a t ios in mixed 
oxides of U and Pu. A g r a v i m e t r i c method was se l 
ected, based upon an equi l ibr ium weight at 700°C in 
dry hydrogen. It was shown to be capable of m e a s u r e 
ment of o / ( P u + U) ra t ios in 20% PuO2-80% UCj pel le ts 
with a s tandard durat ion of ±0.001. This ra t io can be 
of impor tance in the s inter ing p r o c e s s as well as in 
fabrication, t he rma l conductivity, deg ree of f i s s ion-gas 
retention during i r r ad ia t ion , p las t ic i ty , and other p rop 
er t ies of mixed oxide fuel. 

645. DISSOLUTION AND FUEL DEPLETION ANAL
YSIS OF PWR CORE 1 BLANKET RODS. 
D. MacDonald, G. C. Owens. In WAPD-BT-26 , 
Bettis Technical Review, Reactor Technology, 
Sept 1962, pp. 63-70. 

Eight blanket fuel rods removed during the second r e 
fueling of PWR core 1 were chemical ly d issolved and 
analyzed to de te rmine the concent ra t ions of U, Pu, and 
C s ' " and the isotopic composit ion of the U and Pu. 
The analytical methods used a r e desc r ibed . 

646. THE APPLICATION OF X-RAY FLUORESCENCE 
METHODS TO THE IN-LINE DETERMINATION 
OF URANIUM AND PLUTONIUM CONCENTRA
TIONS. K. J . H. Mackay, R. P . Thorne . 
DEG-Repor t -134, April 26, 1960. 

X-ray gene ra to r s and rad io iso topes a r e compared as 
sources of f luorescent X- rad ia t ion . The re la t ive 
mer i t s of c rys t a l spec t rome t ry and e lec t ronic d i s 
crimination were cons idered in detai l . It was con
cluded that radioact ive sources and e lec t ronic 
d iscr iminat ion offered the mos t p r o m i s e in detecting 
U and Pu. 

647. EXTRACTION OF PLUTONIUM BY HEXONE 
FROM AQUEOUS SOLUTIONS CONTAINING 
NITRIC ACID. D. R. MacKenzie . CRC-487 
(AECL-1787), Dec. 4, 1951. 

F r o m neut ra l or slightly bas ic solut ions , Pu* is not 
extracted, while Pu*"'' is easi ly ex t rac ted , 

648. EXTRACTION OF PLUTONIUM FROM AQUEOUS 
SOLUTION. A. G. Maddock, A. H. Booth. Nucl. 
E n g . l , 360 (1958). 

Pu can be ex t rac ted from an aqueous solution contain
ing oxalate by t rea t ing the solution with cupferron to 
form a complex of Pu and cupferron, which is ex t rac ted 
with a w a t e r - i m m i s c i b l e organic solvent. 

649. SEPARATION OF PLUTONIUM. A. G. Maddock, 
F . S m i t h . U. S. Pa t . 2,901,313, Aug. 25, 1959. 

A method for separa t ing Pu from U and fission p rod
ucts is p resen ted . A n i t ra te solution containing Pu(VI), 
U, and fission products is t r ea t ed with a w a t e r -
insoluble fluoride. The res idua l solution is t r ea t ed 
with a reducing agent for Pu and an insoluble fluoride 
to absorb the Pu . Subsequently the absorbed Pu is 
t r e a t e d with at leas t one of a group consist ing of Al, 
f e r r i c , or manganous n i t r a t e . 

650. A GAMMA ABSORPTIOMETER FOR LABORA
TORY ANALYSIS OF THE HEAVY ELEMENTS. 
W. L. Maddox, M. T. Kelley. Talanta _3, 172-6 
(Dec 1959). 

Construct ion of a s imple gamma absorp t iomete r e in-
ploying a smal l Am^*' source for the de te rmina t ion of 
U or Pu in relat ively pure solutions is desc r ibed . The 
ms t rumen t yields a recorded voltage di rect ly p ropo r 
tional to absorbance . 

651. SEPARATION AND DETERMINATION OF P L U 
TONIUM IN URANIUM-FISSION PRODUCT MIX
TURES. W. J . Maeck, G. L. Booman, M. E. 
Kussy, J . E. Rein. Anal. Chem. 32, 1874-6 (1960). 

Pu is oxidized to +6 with permangana te and quant i ta
tively extracted as a t e t r a alkyl ammonium t r i n i t r a t e 
complex into methyl isobutyl ketone from an acid-
deficient aluminum ni t ra te salting agent. Pu is s t r ipped 
from organic phase and reduced to +3 with 
hydroxylamine-iron(II) m ix tu re . It is then oxidized to 
+4 with n i t r i te and quantitatively ext rac ted with thenoyl
t r i f luoroace tone-xylene . 

652. SPECTROPHOTOMETRIC EXTRACTION 
METHOD SPECIFIC FOR PLUTONIUM. W. J, 
Maeck, M. E. Kussy, G. L. Booman, J . E . Rein. 
Anal. C h e m . 1 3 , 998-1001 (1961). 

Following Ag(II) oxidation, mg quant i t ies of Pu(VI) as 
the t e t rapropylamminium t r i n i t r a t e complex a r e ex
t rac ted quantitatively into methyl isobutyl ketone from 
an acid-deficient aluminum ni t ra te salting solution. 
Though U and Np are ext rac ted a l so , thei r spec t r a are 
sufficiently d i sc re t e so that a d i rec t absorbance m e a 
surement of the separa ted organic phase can be made 
for Pu in the p re sence of the other two ac t in ides . 

653. SIMULTANEOUS MASS SPECTROMETRIC DE
TERMINATION OF PLUTONIUM AND URANIUM 
BY THE ISOTOPE DILUTION TECHNIQUE: 
APPLICATION TO POWER REACTOR FUEL 
DISSOLVER SAMPLES. W . J . Maeck, M. E. 
Kussy, T, D. Morgan, J . E. Rein. In TID-7615, 
Proceedings of Annual Nuclear M a t e r i a l s Man
agement Meeting, Denver , Colorado, June 15, 
1961, pp. 78-89. 

A rap id - sepa ra t ion method is desc r ibed . It is based on 
a batch, l iquid-liquid ext ract ion sys tem, which provides 
a U-Pu separa ted fraction free of fission products and 
d ive r se ions, including Am and Cm, and with a con
t ro l lab le U- to -Pu ra t io so that both e lements a r e d e t e r 
minable with a single loading of the f i lament. 

654 SEPARATION OF NEPTUNIUM FROM PLUTO-
NIUM, URANIUM, AND FISSION PRODUCTS. 
L. B. Magnusson. U. S. Pa t . 2,830,066. 
April 8, 1958. 
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Np is extracted from an acidic aqueous solution of 
Np'*''' by chelation with fluorinated -diketones , such as 
3 - (2 - thenoyl ) - l , l , l - t r i f luoroace tone . Separat ion of Np 
from Pu depends on reduction of Pu to the t r iva len t 
state by a reducing agent, such as aqueous SO2 solution. 

655. BERKELIUM AND CALIFORNIUM ISOTOPES 
PRODUCED IN NEUTRON IRRADIATION OF 
PLUTONIUM. L. B. Magnusson, M. H. Studier, 
P . R. F ie lds , C. M. Stevens, J . F . Mech, A. M, 
Fr iedman, H. Diamond, J. R, Huizenga. Phys . 
Rev. % , 1576-82 (1954). 

Cf isotopes of m a s s numbers 249, 250, 251, and 252 
have been identified by nnass - spec t romet r i c ana lys i s . 
The half-lives and alpha energies of the isotopes a r e 
given. The beta-par t ic le energy of B k " ' is 80 ± 20 keV. 
The spontaneous fission half- l ives of Cf and Cf is 
1.5 ± 0.5 X 10* and 66 ± 10 y e a r s , respect ively . The 
neutron-capture c ross sections (Materials Testing 
Reactor at Arco. Idaho) for Bk^ ' , Cl^^°, Cf" ' , and Cf^" 
are given. 

656. PRODUCTION OF PLUTONIUM METAL. 
E. W. Mainland, D. A. Orth, E. L. Field, J . H. 
Radke. Ind. Eng. Chem. 13 , 685-94 (1961). 

The operation of the three final steps in the P u r e x 
process in producing Pu nnetal a re summar ized . 

657. CRYSTAL CHEMISTRY OF SIMPLE COMPOUNDS 
OF URANIUM, THORIUM, PLUTONIUM AND 
NEPTUNIUM. E. S. MaKarov. Moscow, Izd-vo 
AN SSSR, 1958. 

Published crys ta l data up to 1957 on the actinide 
elements , and simple compounds of these elements 
are compiled. The atonnic radii of actinides in c rys ta l s 
are also considered. 

658. DETERMINATION OF A m ^ ' CONTENT IN PLU
TONIUM BY SPECTROSCOPY OF a. AND 7 
RAYS. J . Malj, H. Kurzwellova, R. Lenk, I. Peka . 
Collection Czeck. Chem. Commun. 251, 1383-90 
(1960). 

A method is descr ibed and resu l t s a r e given fronn a 
measurement of t r a ce s of A m " ' in Pu . The work in
dicates a possibility of deternnining Am ' in a min i 
mum quantity of 0.02% by alpha spectroscopy, and in 
quantities of 0.001% by gamnna spectroscopy. 

659. SEPARATION OF NEPTUNIUM AND PLUTONIUM 
CHLORIDES BY A FLOW DISTILLATION 
METHOD. J . G. Malm. ANL-4382, Oct. 19, 1949. 

Np can be efficiently freed of Pu by forming and d i s 
tilling the chloride in a streann of N and CCI4 at 500-
600°C, The Pu concentration in the product can be 
reduced to as little as 1 ppnn, 

660. PREPARATION OF FILMS FOR a-COUNTING. 
C. J. Mandleberg. In A E R E - C / R - 8 6 1 , Thin F i l m s ; 
a Synnposium Sponsored by the Chennistry Division, 
A.E.R.E. , Harwell andHeld at Buckland House, 
14-15th March, 1951. F , Hudswell and C. J. 
Mandleberg, Eds . , Feb . 15, 1952. 

A solution containing Pu is placed on sulfonated poly
styrene disks, and the ions a re allowed to exchange. 
The liquid is then rennoved. 

661. THE SOLUBILITY OF PUF4 IN NITRIC ACID 
SOLUTIONS AND THE SOLUBILITY PRODUCT 
OF PuF^. C. J . Mandleberg, K. E. F r a n c i s . 
A E R E - C / R - 8 6 5 , Feb . 20, 1952. 

The solubility of PUF4 in ni t r ic acid solutions in the 
range of 0-3.19M has been de te rmined and the solubility 
product calculated. 

662. CURIUM-244 AND CURIUM-245. W . M . Manning, 
M. H. Studier, H. Diamond, P . R. F i e ld s . 
U. S. Pat . 2,859,095, Nov. 4, 1958. 

The Cm isotopes produced by the neutron i r rad ia t ion of 
Pu^^' have been separa ted by ion exchange. 

663. PLANT-SCALE CONCENTRATION OF Am AND 
Pu(Hl) USING TRIBUTYL PHOSPHATE, 
W. J . Maraman, A. J . Beaumont, R. S. Day, R. S, 
Winchester . LA-1699, Aug. 2, 1954. 

Am"*"̂  and Pu"*"̂  have been recovered on a plant scale by 
extract ion with t r ibutyl phosphate from slag and crucible 
and other recovery solutions. P r o c e s s l o s ses were 
0.03% Am and 0.01% Pu, 

664. CALCIUM OXALATE CARRIER PRECIPITATION 
OF Pu. W. J. Maraman , A. J, Beaumont, E. L. 
Chr i s tensen , A. V. Hendrickson, J . A. Hermann, 
K. W. R. Johnson, L. J . Mull ins, R. S. Winchester. 
LA-1692, Feb . 25, 1954. 

A p lan t - sca le procedure is descr ibed for concentrating 
Pu and Ann in slag and crucible (meta l - reduct ion 
res idues ) and other recovery solutions by a calcium 
oxalate c a r r i e r precipi ta t ion. 

665. SOME EXPERIMENTS ON THE PRECIPITATION 
OF PLUTONIUM COMPOUNDS FROM TRIBUTYL 
PHOSPHATE SOLUTIONS. W. J . Maraman, 
L. J . Mull ins. LA-2050, June 11, 1956. 

The feasibility of precipi ta t ing Pu"*"̂  connpounds from 
35% TBP in Gulf BT solution has been surveyed. 

666. ANION EXCHANGE OF METAL COMPLEXES. 
XIII. THE ACTINIDE (III)-NITRATE SYSTEM. 
Y. Marcus , M. Givon. IA-783, Oct 1962, and 
J . Inorg. Nucl. Chem. ^ , 1457-1463 (1963). 

Distr ibution data were obtained for seve ra l actinides in 
l i thium ni t ra te solutions and were found to be connpara
ble to the lanthanide group, so that no group separation 
is poss ib le ; but within the actinide group an efficient 
separa t ion of Am and Cnn was found. Ext rac t ion be
havior by long chain annines followed that of lanthanides, 
but in r e v e r s e atonnic-nunnber o rde r . 

667. INVESTIGATION OF THE COMPLEX FORMA
TION OF QUADRIVALENT PLUTONIUM WITH 
THE SULFATE ION BY A CATION-EXCHANGE 
METHOD. I. N. Marov, M. K. Chmutova. 
Zh. Neorg. Khim. ^ , 2654-62 ( I96I) . 

668. THE SOLVENT EXTRACTION OF PLUTONIUM 
AND AMERICIUM BY TRI-n~OCTYLPHOSPHINE 
OXIDE. B. Mart in, D. W, Ockenden, J . K. F o r e 
man. J . Inorg. Nucl. Chem. _2_1, 96-107 (Dec 1961). 

The extract ion of Pu in th ree valency s ta tes (III, IV, and 
V) from HNO3 and HCl of var ious s t rengths and the 



prope r t i e s of the Pu(IV and VI) TOPO complexes ex
t rac ted into the organic phase from ni t r ic acid a r e 
descr ibed . 

669. THE PLANT SEPARATION OF PLUTONIUM AT 
HANFORD. O. Mar t in . Atomkern Ene rg ie , \^, 
494 (1957). 

670. THE PREPARATION OF A SOLUTION OF P L U -
TONIUM(V) IN 0.2M HNOj. T. L. Markin , H. A. C. 
McKay. J . Inorg. Nucl . Chem. J , 298-299 (1958). 

A solution containing Pu in the pentavalent s tate only 
has been p repa red by mixing equal concentra t ions of 
Pu(III) and Pu(VI) in 0.2M HNO, in the p re sence of 
dibutyl phosphate in benzene. 

671 TYPES OF ACIDIC ORGANOPHOSPHORUS EX-
' TRACTANTS AND THEIR APPLICATIONS TO 

TRANSURANIC SEPARATIONS. G. W. Mason, 
D. F . Peppard . Nucl. Sci. Eng. 17, 247-51 (1963). 

Cer ta in applications of acidic organophosphorus ex
t rac tants to t r ansu ran i c separa t ions a r e given. The 
mono-2-ethyl hexyl phosphoric acid in toluene v e r s u s 
HCl sys tem was used in effecting mutual M(III), M(IV), 
and M(VI) sepa ra t ions . The ex t rac tan t dependency 
approximates f irs t power, 

672. LIMITING CRITICAL CONCENTRATIONS FOR A 
PLUTONIUM NITRATE SOLUTION AND FOR A 
URANIUM-235 SOLUTION. R. H. Mas te r son , 
V. I. Meely, T. J . Powel l . In HW-73116, Phys i c s 
Resea rch Quar te r ly Repor t , J a n u a r y - M a r c h 1962. 
April 16, 1962, pp. 108-120. 

Exper iments were conducted to de te rmine the limiting 
concentration (the concentra t ion for whichKaD = unity) 
of aqueous plutonium ni t ra te and uranyl fluoride 
solutions. 

673. THE LIMITING CRITICAL CONCENTRATIONS 
FOR P u " ' AND 13"' IN AQUEOUS SOLUTIONS. 
R. H, Mas te r son , J . D. White, T. J . Powel l . 
HW-77089, March 27, 1963. 

Measurements were made with Pu(N03)^ and 93.15% 
enriched UOjF; in the PCTR r eac to r . The value for 
P u " ' was 8.0 ± 0.3, and that for U " ' was 
12.05 ± 0.03 g / l . 

674. PROCESS OF REDUCING PLUTONIUM TO 
TETRAVALENT (TRIVALENT) STATE. 
D. F . Mast ick. U. S. Pa t . 2,936,213, May 10, 1960. 

The reduction of Pu(VI) and (IV) to the t r iva lent s tate 
in strong n i t r ic acid can be accomplished with hydrogen 
peroxide. The t r iva len t s tate can be stabi l ized as a 
precipi ta te by including oxalate or fluoride ions in the 
solution. The p r o c e s s is adoptable to sepa ra t e Pu 
from U and impur i t i es by adjusting the sequence of 
insoluble anion additions and the hydrogen peroxide 
addition. 

675. PROCESS FOR PURIFYING PLUTONIUM. 
D. F . Mast ick . E . P . Wigner. U . S . P a t . 2,833,800, 
May 6, 1958. 

An acidic aqueous solution of h igher -va len t Pu and 
hexavalent U is t r ea t ed with a soluble iodide to obtain 
the Pu in the p l u s - t h r e e oxidation state while leaving 

the U in the hexavalent s ta te , adding a soluble oxala te , 
such as oxalic acid, and separat ing the insoluble plus 
the Pu t r ioxala te from the solution. 

676. ORNL M E T A L RECOVERY PLANT PROCESSING 
CLEMENTINE REACTOR FUEL ELEMENTS. 
J . L. Matherne . ORNL-1941 (Del.), Sept. 7, 1955. 

The process ing of Los Alamos F a s t B reede r Reactor 
fuel e lements to recover Pu and Am is desc r ibed . 

677. THE DETERMINATION OF THE SPECIFIC 
ACTIVITY OF PILE-PRODUCED PLUTONIUM 
BY MEASUREMENT OF P u " ' CONTENT. 
G. M. Matlack, R. K. Ze ig le r . In TID-7629, 
Analytical Chemis t ry in Nuclear Reactor Tech
nology, Fifth Conference, Gatl inburg, Tennes see , 
October 10-12, 1961, pp. 185-192. 

Control analyses by counting methods in Pu recovery 
plants r equ i re a knowledge of the specific activity of 
each batch of Pu p rocessed . Because there is a l inear 
re la t ionship between Pu^^' content and specific act ivi ty, 
it is possible to de te rmine the specific activity by a 
method based on alpha pulse-height analysis for the 

678. KINETICS OF REACTION BETWEEN PLUTO-
NIUM(III) AND CHLORINE IN CHLORIDE 
SOLUTIONS. A. S. G. Mazumdar , K. P . R. 
P isharody, R. N. Singh. J . Inorg. Nucl. Chem. 14 , 
1617-21 (1962). 

Oxidation of Pu(m) to (IV) by CI was shown to follow an 
apparently f i r s t - o r d e r ra te law with respec t to both the 
r eac t an t s , when other conditions a r e constant . The ra te 
was independent of acidity, but markedly dependent on 
the chlor ide in concentra t ion. This dependence has 
been shown to be due to a specific effect of chlor ide 
ions r a the r than to a genera l effect of anions or ionic 
s t rength. 

679. HOMOGENEOUS REACTOR PROJECT QUAR
TERLY PROGRESS REPORT FOR PERIOD END
ING OCTOBER 31, 1955. H. F . McDuffie, V. K. 
Hill, Compi l e r s . ORNL-2004 (Del.), Jan . 31 , 1956. 

The leaching of Pu from i r rad ia ted ThOj is d i scussed , 
as well as studies of Pu chemis t ry , including the ad
sorption of Pu on m e t a l s . 

680. NONDESTRUCTIVE ASSAY OF NUCLEAR FUELS. 
Quar te r ly Report No. 1. August 15, 1963-Novem-
ber 15, 1963. W. J. McGonnagle. TID-19821, 
Nov. 22, 1963. 

A r e s e a r c h p rog ram is being conducted to de te rmine 
the feasibility of using a modified Compton magnet ic 
spec t rome te r for analyzing the U and Pu content of 
cold and i r r ad ia ted nuclear fuels, and to devise methods 
and techniques for determining the specia l m a t e r i a l 
content of s c r a p . 

681 CHEMICAL AND PHYSICAL REACTIONS OF 
RADIOACTIVE LIQUID WASTES WITH SOILS. 
J . R . M c H e n r y , D .W.Rhodes , P . P . R o w e . In TID-
7517, Sanitary Engineering Aspects of the Atomic 
Energy Industry. A Seminar Sponsored by the AEC 
and the Public Health Serv ice , Held at the Rober t 
A. Taft Engineering Cen te r , Cincinnat i , Ohio, 
December 6-9. 1955, pp. 170-190. 



A representa t ive soil sample from the Hanford project 
consis ts of sand 86.7, silt 11.9, and clay 1.4%. Ad
sorption of Pu and Cs is least sensi t ive to pH. 

682. DETECTION OF PLUTONIUM BY IRRADIATION 
IN THE PILE. H. A. C. McKay. A E R E - C / M - 2 3 , 
1957. 

The discussion is based on half- l ives and fission c r o s s 
sections. The detection of Pu^^' by neutron i r rad ia t ion 
of the sample in the pile and subsequent measu remen t 
of activity depend on connplete pr ior rennoval of U. 

683. MIXER-SETTLER RUNS TO STUDY URANI-
UM(IV) AS A REDUCTANT IN URANIUM/ 
PLUTONIUM SEPARATION. H. A. G, McKay, 
R. J. W Streeton, A. G. Wain. AERE-R-4381 , 
Sept 1963. 

The U(IV) was hydrazine-s tabi l ized and was used for 
Pu-U separation in the TBP p r o c e s s . Par t i t ion co
efficients were measured and information obtained on 
the kinetics of the U(lV)-Pu(lV) react ion. 

684. THE VOLATILIZATION OF PLUTONIUM FROM 
NEUTRON IRRADIATED URANIUM. 
D. E. McKenzie. Can. J. Chem. 34, 515-22 (1956). 

The volatilization of Pu from neu t ron- i r rad ia ted U was 
examined at 1540, 1650, and 1769°C, Experinnental and 
calculated resul t s indicate that Pu in neu t ron- i r rad ia ted 
U follows the ideal solution laws. 

685. EXTRACTION OF PLUTONIUM FROM NEUTRON-
IRRADIATED URANIUM BY MOLTEN SILVER. 
D. E. McKenzie. CRC-585 (AECL-787), Jan 1955. 

Pu is extracted from molten U by i 
recycled to a nuclear reac to r . 

olten Ag, and U is 

686. THE EXTRACTION OF PLUTONIUM FROM 
PLUTONIUM-ALUMINUM ALLOYS BY MOLTEN 
BISMUTH. D. E, McKenzie, J . E. F le t che r , 
T. Bruce. CRC-639 (AECL-314), April 1956. 

An equal volunne of bismuth ex t rac ts 78% of the Pu and 
93% of the Am and the majority of the fission product 
Ce. F r o m the distribution data given, a possible p ro 
cess is discussed. 

687. THE ABSORPTION SPECTRUM OF PuFa 
(THESIS). R. D, McLaughlin. UCRL-2440, 
Dec 1953. 

The absorption spect rum of PUF3 was measured over 
the region 2500 to 9000 A. 

688. SURVEY OF PLUTONIUM SPECTRUM DATA. 
J. R. McNally, J r . ORNL-2154, 1956. 

In this review, the spectra l l ines of Pu, as repor ted in 
19 references , are tabulated in the 2426-7221 A regions . 

689. A SURVEY OF PLUTONIUM SPECTRUM DATA. 
J. R. McNally, J r . ORNL-2154 (Rev.), Aug. 10, 
I960. 

Some 9865 lines a re l isted, covering the wave-length 
range from 964 to 2426 A. 

690. THE USE OF HIGH-SPEED COMPUTERS IN THE 
PREPARATION AND REPORTING OF ROUTINE 
RADIOCHEMICAL PLUTONIUM ANALYSES. 
P . McWilliams and G. M. Matlack. In TID-7629, 
Analytical Chemis t ry in Nuclear Reac to r Tech
nology, Fifth Conference, Gatl inburg, Tennessee , 
Oct. 10-12, 1961, pp. 193-208. 

Three F o r t r a n p r o g r a m s of considerable util i ty in 
calculation, p repara t ion of final r e p o r t s , and p r e p a r a 
tion of monthly summary r epo r t s were used s u c c e s s 
fully for more than a year on IBM-704 compute rs and 
associa ted equipment. 

691. DETERMINATION OF RADIOACTIVE ZIRCO
NIUM IN FISSIONED PLUTONIUM. 
J. W T. Meadows, G. M. Matlack. Anal. Chem. 
32, 1607-10 (I960). 

Radioisotopes of Zr a re de te rmined by multiple p r e 
cipitations of z i rconium p-bronnomandelate . Te, the 
only interfering fission product , is removed by p r e 
cipitation of c a r r i e r Te with SO;. This also se rves to 
reduce Pu to Pu(ll l) , which is not prec ip i ta ted by the 
reagent . Four de terminat ions may be made in 5 hours 
with a coefficient of var iat ion of 2%. 

692. RADIOCHEMICAL DETERMINATION OF RUTHE
NIUM BY SOLVENT EXTRACTION AND P R E P 
ARATION OF CARRIER-FREE RUTHENIUM 
ACTIVITY. J . W. T. Meadows, G. M. Matlack. 
Anal. Chem. 34, 89-91 (1962). 

Essent ia l ly quantitative ext ract ion of ruthenium tetrox
ide by carbon te t rach lor ide from aqueous solutions at 
pH 4 forms the basis for a method for determining 
fission product Ru in neu t ron- i r r ad ia t ed Pu. 

693. FISSION PRODUCT ANALYSIS OF FAST RE
ACTOR PLUTONIUM FUELS. J . W. T. Meadows, 
G. M. Matlack, G. B. Nelson. Talanta _6, 246-53 
(I960). 

F r o m the r e su l t s of a testing p r o g r a m in which c las 
sical analytical nnethods originally developed for U 
fuel alloys were used to deternnine fission products , 
it was shown that adequate decontamination from Pu 
and Ann was not achieved. New and modified methods 
were developed for Z r , Nb, Ru, Rh, Ce, Nd, and P r , 
Methods for 14 fission products were tes ted or devised 
for use in the analysis of Pu fuels, 

694. X-RAY EMISSION ANALYSIS OF PLUTONIUM 
AND URANIUM COMPOUND MIXTURES. 
O. Menis, E. K, Halteman, E. E, Garc ia . Anal. 
Chem. 15, 1049-52 (1963). 

The cha rac te r i s t i c lines of U and Pu with thoriunn as 
an internal s tandard were measu red after fusion of the 
ref rac tory mixtures with potass ium pyrosulfate . A 
casting technique was developed. The re la t ive standard 
deviation of the method is l e ss than 0,4%. 

695. NUCLEAR EFFECTS OBSERVED IN X-RAY 
SPECTRA. J . J . Mer r i l l , J . W. M. DuMond. In 
Proceedings of the Internat ional Conference on 
Nuclear S t ruc ture , Kingston, Canada, August 29-
September 3, I96O, Toronto, Universi ty of Toronto 
P r e s s and Amste rdam, North Holland Publishing 
Co., 1960, pp. 637-639. 



Measuremen t s of L X- r ay s p e c t r a of heavy e lements 
W, Pt , Bi, Th, U, Np, Pu , and Am with a p rec i s ion , 
two-c rys ta l s p e c t r o m e t e r a r e descr ibed . The in
c reased width of some l ines for high a tomic number 
are explained. 

696 PRECISION MEASUREMENT OF L X-RAY 
' WAVELENGTHS AND LINE WIDTHS FOR 74 S 

Z S 95 AND THEIR INTERPRETATION IN TERMS 
OF NUCLEAR PERTURBATIONS. J . J . M e r r i l l , 
J . W. M. DuMond. Ann. Phys . (N.Y.), L4, 166-
228 (1961). 

Techniques for the p rec i s ion m e a s u r e m e n t of L X- ray 
lines for U, Np, Pu , and Am using the two-c rys t a l 
spec t rometer a r e d i scussed . These data were used in 
computing the binding ene rg ies of the e l ec t rons for 
these a toms . 

697. PRECIPITATION CONDITIONS FOR TRACE 
AMOUNTS OF PLUTONIUM WITH MANDELIC 
ACID AS PRECIPITATION REAGENT. E. Merz . 
Z, Anal. Chem. 166, 417-22 (1959). 

Mandelic acid and its der iva t ives were found to be 
suitable precipi ta t ion reagents for Pu(III) and Pu(IV) 
from weak acid solution with Y c a r r i e r . Pu+'' is p r e 
cipitated a lmost quantitatively from strong acid solu
tions with Zr c a r r i e r , while Pu(III) r ema ins in solution. 
It is also possible to sepa ra t e Pu(IV) from U in weakly 
acid solut ions. 

698. THE ANALYTICAL CHEMISTRY OF PLUTONIUM. 
C. F . Metz. Anal. Chem. 29, 1748-56 (Dec 1957), 

This paper reviews the genera l chemis t ry of Pu and 
applications of its analyt ical chemis t ry . Pu may be 
separated from impur i t i es by precipi ta t ion , ion ex
change, and solvent ext ract ion. It may be de termined 
by potent iometr ic t i t ra t ion , spec t ropho tomet r i c , and 
radiochemical methods . 

699. ANALYTICAL CHEMICAL LABORATORIES FOR 
HANDLING OF PLUTONIUM. C F . Metz. P r o c , 
2nd Intern . Conf. Peaceful Uses Atomic Energy, 
Geneva, 1958, 12 , 681, United Nat ions , New York, 
1958. 

The analytical l abora to r i e s at Los Alamos equipped 
with d ry- and gloveboxes a r e desc r ibed , and the phi
losophy of handling Pu is p resen ted . 

700. THE CHEMICAL ANALYSIS OF PLUTONIUM-
RICH FAST REACTOR FUEL. C. F . Metz, 
G. M. Matlack, G. R. Waterbury . P r o c . 2nd 
Intern. Conf. Peaceful Uses Atomic Energy . 
Geneva 1958, Z§^, 441, United Nat ions , New York, 
1958. 

Included are potent iometr ic methods for Pu a s say , 
radiochemical methods for gamma-count ing of Am in 
Pu, and methods of separa t ing Pu for m e a s u r e m e n t by 
alpha-counting techniques . 

701. ANALYTICAL LABORATORIES FOR THE HAN
DLING OF PLUTONIUM. C. F . Metz, G. R. Wate r 
bury. Talanta 6, 149-153 (1960). 

The safe handling of g r a m quanti t ies of Pu in analyt ical 
p rocedures is d i scussed . The gloveboxes a r e so de 
signed that all r equ i red analyt ical operat ions can be 
undertaken with safety to the analyst . 

702. ABSORPTION SPECTRA OF PLUTONIUM AND 
IMPURITY IONS IN NITRIC ACID SOLUTION. 
M. N. Meye r s . HW-44744, July 31, 1956. 

Absorption spec t ra of Pu III, IV, VI, and Pu IV peroxy 
complex were made. The effects of var ious ions and 
reagents on extract ion coefficients were observed and 
de termined. Tempera tu re had lit t le effect on m e a s u r e 
ments . However, acidity caused peak shifting, as well 
as some changes in extinction coefficients. 

703. TANDEM MAGNETIC ANALYZER MASS S P E C 
TROMETER SYSTEMS. E, J . Michael . D. J . 
Marsha l l . Conf-74-16. F r o m 11th Annual Con
ference on Mass Spec t romet ry and Allied Topics , 
San F r a n c i s c o , May 1963. 

Tandem m a s s spec t romete r sys t ems with 12-in. r ad ius , 
90 ' sec tor magnetic ana lyzers were built for the p r e 
c ise analysis of low-abundance isotopes of U and Pu. 

704. THE EXTRACTION OF URANIUM AND PLUTO-
NIUM CHLORIDES FROM FUSED SALT MEDIA. 
M. Mie lcarsk i , M. Taube. N u k l e o n i k a ^ 595-7 
(1962), 

The salt phase contained the eutect ic mixture of 
KCl-CuCI at molar rat io of 1:2 and one other ch lor ide , 
Cs , UCU, PuOls or PuCl j . Diphenyl was used as diluent, 
along with t r i - n - ace ty l amine , t r ibutyl phosphate, or 
di -n-butyl phosphoric acid. The extract ion of Pu was 
smal l , the distr ibution rat io of U being higher by one 
o rde r of magnitude. 

705. A GAMMA ABSORPTOMETER FOR THE IN-LINE 
DETERMINATION OF PLUTONIUM OR URANIUM. 
D. G. Mil ler , R. E. Connally. HW-36788, 
June 1, 1955. 

This ins t rument ut i l izes Tm'^° as the source of gamma 
photons, a s t a in l e s s - s t ee l container fitted with f luoro-
thene windows as the sample cel l , a lead- l ined ioniza
tion chamber as the de tec tor , and a modified Beckman 
m i c r o m i c r o a m m e t e r as the c u r r e n t - m e a s u r i n g sys t em, 

706. REDUCTION OF PLUTONIUM TO Pu+' BY SO-
DIUM DITHIONITE IN POTASSIUM CARBONATE. 
D. R. Mil ler , H. R. Hoeks t ra . U. S. Pa t . 2,864,665, 

Pu values a r e reduced in an alkaline aqueous medium to 
the t r iva len t state by means of sodium dithionite. A 
separa t ion from normally associa ted contaminants is 
also made by performing a meta thes i s of the lanthanum 
fluoride c a r r i e r precipi ta te in the p re sence of 0.2M 
sodiunt dithionite. 

707. THE QUANTITATIVE SEPARATION OF AMERI-
CIUM FROM PLUTONIUM AND URANIUM. 
H. W. Mil ler . HW-22267, Oct. 15, 1951. 

Cer ic ion is used to oxidize Pu to the plutonyl ion. The 
addition of HF causes par t ia l precipi ta t ion of ce r i c 
fluoride which c a r r i e s the Am. Trea tmen t of the s u p e r 
natant with hydroxylamine r e su l t s in reduction of Ce+* 
and Pu(VI) and the i r precipi ta t ion and en t ra inment with 
the insoluble cerous fluoride. 



708 AMERICIUM-241 AS A PHOTON SOURCE FOR 
* THE GAMMA ABSORPTIOMETRIC TECHNIQUE. 

D. G. Mil ler . HW-39971, Nov. 17, 1955. 

The use of Am^'*' as a photon source for determining U 
and Pu a r e d iscussed. The major disadvantage of 
Am^*' is its low photon intensity. Other possible photon 
sources are discussed. 

709. THE OXIDATION OF PLUTONIUM TO THE 
PLUTONYL STATE. H, W. Mil ler , R. J . Brouns . 
HW-17266, March 22, 1950. 

An ozonization procedure was selected as the most 
satisfactory method. The plutonyl solution p repared in 
2M HCl was stable with no appreciable reduction, in 
the absence of impur i t ies , for 20 days . Moisture must 
be scrupulously excluded from the ozonator. 

710. THE PREPARATION OF THIN FILMS OF PLUTO
NIUM BY ELECTRODEPOSITION. H. W. Mil ler , 
R. J. Brouns. HW-17265, March 22, 1950. 

The method consis ts of electrolyt ic reduction of Pu(Vl) 
to Pu(lV) in IN KOH. The Pu(lV) precipi ta tes as hy
drous oxide on Pt cathode. Impuri t ies that precipi ta te 
should be absent. Other factors that cause low yields 
a re incomplete oxidation to Pu(Vl) and low alkalinity. 
Yields of 95-99% were obtained for up to 7 /jg of Pu for 
a 2-hr plating t ime at room t e m p e r a t u r e . 

711. QUANTITATIVE ELECTRODEPOSITION OF 
PLUTONIUM. H. W. Miller , R. J . Brouns . 
Anal. Chem. 24, 536-8 (1952). 

A procedure is presented for prepar ing thin, uniform, and 
adherent films of Pu on Pt d isks . Quantit i tes of Pu, 
from t r a c e r amounts to 9 mg, have been deposited 
completely from solution in 2 hour s . 

712. ANALYTICAL PROCEDURES OF THE INDUS
TRIAL HYGIENE GROUP. M. F . Milligan, 
E. E . Campbell , B. C. Eu t s l e r , J . McClelland, 
W. D, Moss. LA-1858 (2nd Ed.) , Aug 1958. 

A collection of analytical methods used by the Industr ia l 
Hygiene Group at the Los Alamos Scientific Laboratory 
is presented. 

713. A BRIEF INVESTIGATION OF THE PARTITION 
OF PLUTONIUM AND URANIUM BY URANIUM 
PEROXIDE PRECIPITATION. G. F . Mil l s . 
H. B. Whetsel. K-1064, Sept. 25, 1953. 

Experience has shown that, by proper attention to the 
conditions of precipitat ion, u ran ium peroxide could be 
obtained as a microcrys ta l l ine , rap id-se t t l ing , eas i ly-
filterable precipi ta te . The senniennpirical approach was 
without success in removing Pu. 

714. ANALYSIS IN REACTOR RESEARCH AT HAR
WELL. G. W. C. Milner. In TID-7568, Analytical 
Chemistry in Nuclear Reactor Technology. P a r t 1. 
Specific Applications of Diverse Methods of Chenn
ical Analysis . Second Conference, Gatl inburg, 
Tennessee , September 29 through October I, 1958, 
pp. 24-35. 

This is an analysis of binary systenns containing Pu 
with Al, Fe , or U over the connposition range of 1 to 99%. 
Pu was removed by ion exchange; Pu"'"'* in 7M HNO3 was 
retained on anion-exchange res in . 

715. VOLUMETRIC DETERMINATION OF PLUTO
NIUM WITH ETHYLENEDIAMINE-TETRA-
ACETIC ACID. G. W. C. Milner , J . L. Woodhead. 
A n a l y s t ^ , 427-429 (1956). 

After Pu metal has been dissolved in hydrochlor ic acid, 
the procedure consis ts in adding an excess of a s tan
dard EDTA solution (O.OIM) and then weak ammonium 
hydroxide to adjust the pH to a value of 2.5. The amount 
of EDTA in excess of that requ i red to form a complex 
with the Pu completely is next de te rmined by t i t ra t ing 
with a s tandard thor ium ni t ra te solution (O.OIM) to the 
color change of a mixed indicator consist ing of a l izar in 
red S and methylene blue. 

716. ELECTROCHEMICAL ANALYSIS IN ATOMIC 
ENERGY. G. W. C. Milner. In "Analytical Chem
is t ry 1962," E l sev ie r Publishing Company, New 
York, 1963, pp. 255-262. 

Development of e lec t rochemica l methods for the de ter 
mination of Fe , Np, Pu, and U is r epor ted . Methods for 
determining each element a r e d i scussed separa te ly . 

717. CONTROLLED-POTENTIAL COULOMETRY IN 
METALLURGICAL ANALYSIS. G. W. C. Milner, 
J. W. Edwards . AERE-R-3772, July 1961. 

Pr inc ip le and technique of the ins t rument a r e discussed 
and its suitability in meta l lu rg ica l analysis was inves
t igated. Its application to the determinat ion of Pu is 
given. 

718. PLUTONIUM NITRATE SHIPPING INVESTIGA
TION. F . J . Miner , J . T. Byrne . R F P - 3 3 0 , 
Sept. 3, 1963. 

This repor t re la tes to the long his tory of assay differ
ences between s h i p p e r - r e c e i v e r , the p r o g r a m formu
lated by Rocky F l a t s , and the r e su l t s obtained to date. 

719. THE SEPARATION AND DETERMINATION OF 
ALUMINUM IN PLUTONIUM-ALUMINUM 
ALLOYS. F, J . Miner, R. P . DeGrazio, C. R. For-
rey, J r . , T. C. Jones . Anal. Chim. Acta .22, 214-
20 (I960). 

Anion exchange was used for separa t ion of Al in 1% Pu-
Al al loys. The Al is then de termined by using either a 
gravinnetric or volumetr ic oxime nnethod, or by com-
plexonnetric t i t ra t ion using EDTA. 

720. DICESIUM PLUTONIUM HEXACHLORIDE, A 
PROPOSED PRIMARY STANDARD FOR PLUTO
NIUM. F . J . Miner, R. P . DeGrazio, J . T. Byrne. 
Anal. Chem. H , 1218-23 (1963). 

The salt Cs2PuCl6 is suggested as a prinnary standard 
for Pu. It is easily p repa red and s table , has a high 
equivalent weight, and is readily soluble in dilute acids. 

721. PLUTONIUM FACILITY OPERATING PROCE
DURES IN C M F - 5 . W. N. Miner , F , W. Schonfeld, 
Compi le r s . LAMS-2660, Nov. 1, 1961. 

Safety regulat ions and operating p rocedures re la ted to 
the various types of equipment used in the Plutoniunn 
Phys ica l Metallurgy Group at LASL are descr ibed in 
detai l . 



722. ELECTRODEPOSITION OF ACTINIDE ELEMENTS 
AT TRACER CONCENTRATIONS. R. F . Mitchell . 
Anal. Chem. H , 326-8 (i960). 

The e lect rodeposi t ion of the actinides from an e l e c t r o 
lyte of ammonium chlor ide-hydrochlor ic acid is a rapid 
method for recover ing t r a c e concentrat ions in high 
yields. 

723. ISOTOPIC POWER SOURCES - A COMPENDIUM. 
PROPERTY AND PROCESSES REVIEW. PART II. 
Martin Co. Nuclear Div., Ba l t imore . MND-P-
2581-III (Pt. II), 1961. 

A selective bibliography was compiled on the nuc lea r , 
physical , and chemical p rope r t i e s and separa t ion p r o 
cesses of Pu, Am^*', and Cm. The source was Nuclear 
Science Abs t r ac t s , VOL. 1, through 14 (1948-1960). 

724. A NUMBER OF REGULARITIES IN THE COM
PLEXING OF PENTAVALENT ACTINIDES. 
A, I. Mockvin, I. Geletseanu, A. V. lapi t sk i i . 
Dokl. Akad. Nauk SSSR, ^49 , 611-4 (March 1963). 

The pentavalent act inides do not complex readily and 
differ only slightly in complexing ability. The s t rength 
of the pentavalent act inides with var ious addends can be 
listed in the following o rde r : EDTA > c i t r ic > oxalic > 
phosphoric > t a r t a r t i c > acet ic > lac t ic . 

725. PHYSICAL-CHEMICAL PROPERTIES OF P L U 
TONIUM CUPFERRON. I. V. Moiseev, N. N. 
Borodina, V. T. Tsvetkova. Zh. Neorg. Khim. _6, 
543-8 (March 1961). 

It was noted that r e g a r d l e s s of the Pu valence s ta te , the 
resulting product is Pu(C6H5N202)4. The ext ract ion of 
Pu(lV) with cupferron from sulfuric acid solutions was 
also studied. The solubility of Pu(lV) cupfer ra te in 
sulfuric acid was also invest igated. 

726. DISTRIBUTION OF PLUTONIUM ON EXTRACTION 
WITH TRIBUTYL PHOSPHATE. II. TEMPERA
TURE INFLUENCE ON THE Pu(lV) DISTRIBUTION. 
E. I. Moisenko, A. M. Rosen. Rad iokh imiya^ , 
274-80 (I960). 

Pu(lV) dis t r ibut ion between 20% solution of TBP in 
hydrogenated kerosene as organic phase , and 0 .021-
1,26M U02(N03)2-U solution in 0.1-10.ON HNO, as 
aqueous phase, was studied at 20, 30, 50, and 70 C, 
using 200 m g / l Pu(lV). 

727. THE LANTHANUM FLUORIDE COPRECIPITA
TION METHOD FOR THE DETERMINATION OF 
PLUTONIUM; THE EFFICIENCY OF PRECIPITA
TION OF THE LANTHANUM CARRIER AS F L U 
ORIDE. R. G. Monk. A E R E - C / R - 2 3 8 2 , June 1950. 

The efficiency of precipi ta t ion of LaFs in the co
precipi tat ion method for de termining Pu has been in
vestigated using La'*" as the t r a c e r . 

728. LONG CHAIN AMINES, VERSATILE ACID EX
TRACTANTS. F . L. Moore . Anal. Chem. 29, 
1660-2 (1957). 

A new anionic l iquid-l iquid ext ract ion technique is 
studied. Solutions of long-chain amines a r e shown to 
be excel lent ex t rac tan t s for mine ra l ac ids , many o r 
ganic ac ids , and complex meta l ac ids . Ext rac t ions of 
some anionic complexes of Po , Pu, U, Z r , Hf, and P r 
a re demons t r a t ed . 

729. RADIOCHEMICAL DETERMINATION OF 
NEPTUNIUM-239 AND PLUTONIUM-239 
IN HOMOGENEOUS REACTOR FUEL AND 
BLANKET SOLUTIONS. F . L . M o o r e . Anal. 
Chem. 30, 1368-9 (1958). 

The radiochemical de terminat ion of N p " ' and Pu^^' in 
uranyl sulfate fuel and blanket solutions is based on 
the car ry ing of these two isotopes by lanthanum fluo
r ide , followed by liquid-liquid extract ion of the Np 
with 2-thenoyl t r i f luoroacetone-xylene . 

730. ANEW ANIONIC SOLVENT EXTRACTION TECH
NIQUE. F, L. Moore. ORNL-1314, July 17, 1952. 

The extract ion of acids with long chain amines is de 
scr ibed. Tr ibenzylamine has poss ibi l i t ies of extract ing 
cer ta in anions from sulfuric acid. Methyldiactyl amine 
was t r i ed with var ious metal anionic complexes . 

731. LIQUID-LIQUID EXTRACTION OF Pu FROM 
HYDROCHLORIC ACID SOLUTION WITH 
TRI(IS0-0CTYL)-AMINE IN SEPARATION 
FROM THORIUM, AND FISSION PRODUCTS. 
F . L . M o o r e . Anal. Chem. 10 , 908 (1958). 

A new and rapid method for the liquid-liquid ext ract ion 
of U and Pu from HCl solution is based on the use of 
t r i ( i so-octyl )amine dissolved in xylene or nnethyl 
isobutyl ketone. U and/or Pu are separa ted from Th, 
a lka l ies , alkaline ea r th s , r a r e e a r t h s , Z r . Nb, Ru, and 
other e lements that do not form anionic spec ies under 
the conditions descr ibed . 

732. LIQUID-LIQUID EXTRACTION OF URANIUM 
AND PLUTONIUM FROM ACETATE SOLUTION 
WITH TRIISOOCTYLAMINE. SEPARATION FROM 
THORIUM AND FISSION PRODUCTS, F . L, Moore . 
Anal. Chem. H , 1075 (I960). 

A new and rapid method for extract ing U and /o r Pu 
from acetate solution is based on the use of t r i i sooc ty l -
amine in xylene or other organic solvents . Separat ion 
is made from Th, r a r e ea r th , a lkal i , and alkaline 
e a r t h s , Z r , F e , Ru, Am, and other e lements that do not 
form anionic species under the conditions desc r ibed . 

733. INVESTIGATIONS OF THE CHEMISTRY OF P L U 
TONIUM. PRELIMINARY STUDIES OF PLUTO
NIUM IN ALKALINE SOLUTIONS. G. E . Moore . 
J . R. Dem. CN-2216, May 2, 1945. 

Absorption spec t ra of Pu(lV) and Pu(Vl) in 45% K2CO3 
indicate that both ions a r e complexed by COJ . In 
45% K2CO3, Pu(Vl) was reduced by SOJ^, CujO, and H^Oj 
but not by NO; . Pu(lV) was oxidized to Pu(Vl) in 
45% K^COj by AgjO. MnO^, and C I O ' , but not with SeO^^, 
HgjO, lOJ, HjOi, O3, or oxygen. Spectra l cu rves a lso 
indicate the complexing of Pu(lV) by both aceta te and 
oxalate solut ions. 

734. A SOLVENT EXTRACTION METHOD FOR P L U -
TONIUM ANALYSIS. F . L. Moore, 
J. E. Hudgens, J r . ORNL-153, Sept. 2, 1948. 

The method is based on the ext ract ion of Pu"*"* with TTA 
in CtHfc and a r e - ex t r ac t ion into aqueous HF solution. 
Pu activity is recovered free from radioact ive and non
radioact ive in t e r f e rences . 



735. SEPARATION AND DETERMINATION OF PLU
TONIUM BY LIQUID-LIQUID EXTRACTION. 
F . L. Moore, J . E. Hudgens, J r . Anal. Chenn. 29, 
1767-70 (1957). 

A rapid and quantitative radiochemical nnethod for the 
separat ion and determinat ion of Pu based on the liquid-
liquid extraction of Pu(lV) with 0.5M 2-thenoyltr i f luoro-
acetone in xylene. Pu t r a c e r is recovered free from 
interferences , both radioactive and nonradioact ive. 

736. THE APPLICATION OF HIGHSPEED COMPUTERS 
TO THE LEAST-SQUARES TREATMENT OF 
KINETIC DATA. R, H. Moore, T. W. Newton. 
LADC-5488, 1961. 

The examples considered are the l e a s t - s q u a r e s de t e r 
mination of the activation paranneters for the react ion 
between U(lV) and Pu(VI). A nonlinear l e a s t - s q u a r e s 
p rogram was used for the routine calculations of ap
parent second-order rate constants from spectrophoto
metr ic data. 

737. ELECTRODEPOSITION OF PLUTONIUM. 
F . L. Moore. G. W. Smith. Nucleonics jj_, No. 4, 
66-9 (April 1955). 

A method is presented for depositing thin films of Pu 
for alpha standard or fission counting, using chiefly 
Pu'*''*. The Pu is deposited from oxalate mediunn on 
plates as large as 100 cm with filnn densi t ies up to 
0.13 mg/cm^. 

738. PLUTONIUM RECOVERY FROM NEUTRON-
BOMBARDED URANIUM FUEL. R. H. Moore, 
U. S, Pat , 2,029,130, April 10, 1962. 

A process is presented for recovering Pu from neutron-
bonnbarded U by dissolving the fuel in equimolar a lumi 
num chlor ide-potass ium chloride, heating the m a s s to 
above 700°C for decomposition of plutonium te t r ach lo 
ride to the t r ich lor ide , and extracting the plutoniunn 
t r ichlor ide into a molten sal t . 

739- ION-EXCHANGE DECONTAMINATION OF ACIDIC 
WASTES CONTAINING PLUTONIUM. A. J . Moor-
adian. Canadian Pat . 609,461, Nov. 29, I960. 

Trace announts of Pu in acidic waste solutions a r e r e 
duced to a tolerable level by t reat ing the solutions with 
a cation-exchange resin converted to the fer rous form, 

740. IMPROVEMENTS IN OR RELATING TO METHODS 
OF SEPARATING PLUTONIUM, F . Morgan. 
Br i t i sh Pa t . 754,651, Aug. 8. 1956. 

The rods a re dissolved in HNO3, and Zr and Nb are 
added to serve as c a r r i e r s . A soluble phosphate is 
added which precipi ta tes Pu, Zr , Bi, and Nb. These a r e 
t reated with oxalic acid, and Zr and Nb are rendered 
soluble, leaving an insoluble residue of Pu and Bi. 
These may be separated by severa l methods. 

741. METHOD OF SEPARATING PLUTONIUM. 
F . Morgan. U . S . P a t . 2,799,554, July 16, 1957. 
Canadian Pat . 541,091,May 21, 1957. 

I r radia ted U is dissolved in ni t r ic acid, Bi and Zr c a r 
r i e r s a re added, and Pu, Zr , Bi, and Nb precipi ta ted as 
phosphates by addition of a soluble phosphate. The Zr 
and Nb are dissolved with oxalic acid. Separation of 

Bi and Pu is effected by t r ea tmen t with HCl and p r e 
cipitating Bi with hydrogen sulfide. 

742. METHOD OF SEPARATING PLUTONIUM. 
F , Morgan. U,S , Pat . 2,799,555, July 16, 1957. 

I r rad ia ted U is dissolved in n i t r ic acid, Bi and Z r 
n i t ra tes a re added as c a r r i e r s , and Pu, Z r , Bi, and Nb 
are precipi ta ted as phosphates by addition of a soluble 
phosphate. The precipi ta ted phosphates a r e t rea ted 
with oxalic acid leaving an insoluble res idue of Bi and 
Pu oxala tes . Fu r the r separa t ion is done by converting 
the residue to chloride with HGl, and precipi ta t ing the 
Bi with hydrogen sulfide, and evaporat ing the Pu 
solution. 

743. SOLUBILITY AND ION EXCHANGE METHODS 
FOR DETERMINING THE COMPLEX FORMA
TION OF PLUTONIUM AND AMERICIUM m IN 
AQUEOUS SOLUTIONS. A. I. Moskvin. Radio
khimiya 1 , 430-4 (1959). 

The ion-exchange nnethod was used for t r i - and penta
valent Pu connplex formation in oxalate and EDTA 
solutions in the pH range of 1 to 5 using KCl-2 ammo
nium res in . 

744. DETERMINATION OF THE COMPOSITION AND 
INSTABILITY CONSTANTS OF OXALATE AND 
CARBONATE COMPLEXES OF PLUTONIUM IV. 
A. I. Moskvin, A. D. Gelman, Zh. Neorg. Khim. 1 , 
962-74 (1958). 

Determinat ion was nnade of Pu(C202) • 6H2O solubility 
in various concentrat ions of ammonium oxalate solutions 
(0.001 to 0.35 mol/ l ) in the p re sence of 1.0 mole HNO3, 
and Pu(OH)4 solubility in var ious concentrat ions of 
K^C03 aqueous solutions. 

745. STUDY OF THE PHYSICO-CHEMICAL PROP
ERTIES OF AQUEOUS SOLUTIONS OF PLUTO-
NIUM(IV) OXALATE AND DETERMINATION OF 
ITS SOLUBILITY PRODUCT. A. I. Moskvin, 
A. D. Gelman. Russ ian Journ , of Inorg, Chenn. 1 , 
Nos. 4-6, 188 (1958). 

The solubility of Pu(lV) oxalate in wa te r , H2SO4, HNO3, 
and HCIO4 is de termined. It is also shown that oxalate 
solutions of Pu(lV) pos se s s acidic p r o p e r t i e s . 

746. DETERMINATION OF THE COMPOSITION AND 
INSTABILITY CONSTANTS OF OXALATE AND 
CARBONATE COMPLEXES OF PLUTONIUM(IV). 
A. I. Moskvin, A. D. Gelman. Russ ian Journ . of 
Inorg. Chem. 1 , Nos. 4-6 , 198 (1958). 

The relat ive tendency of Pu(lII, IV, V, VI) to form 
complexes with anions of cer ta in acids is d i scussed . 
The solubility of Pu(lV) hydroxide in aqueous K2C03 is 
given. The composition of the oxalate complexes of 
Pu(lV) is defined, and thei r instabili ty constants 
calculated. 

747. HYDROLYTIC BEHAVIOR OF PLUTONYL IN 
AQUEOUS SOLUTIONS. A. I. Moskvin, V. P . 
Zai tseva . Radiokhimiya^ , 73-81 (1961). 

The solubility of ammonium diplutonate in aqueous 
solutions at var ious pH was studied, and the absorption 
spec t ra of sa tura ted plutonyl solutions were measured . 
The scheme of plutonyl hydrolysis in aqueous solutions 
at var ious pH is included. 



748. GRAVIMETRIC DETERMINATION OF THE 
OXYGEN CONTENT OF URANIUM-PLUTONIUM 
MIXED OXIDES. Special Report No. 15. N. Mos-
tin, G. Valent ini . EURAEC-818, 1963. 

A g rav ime t r i c method is descr ibed for determining the 
oxygen content in mixed oxides of Pu and U. Also d i s 
cussed is the behavior of PuOj obtained from different 
sa l t s . The lowest t e m p e r a t u r e needed to obtain PuOj 
of s toichiometr ic composit ion is 800°C for the heating 
conditions considered. 

749 SEPARATIONS CHEMISTRY QUARTERLY 
PROGRESS REPORT FOR OCTOBER-DECEMBER 
1953. E. E. Motta, D. W. B a r e i s , D. D. Cubicciot t i . 
NAA-SR-943 (Rev.), March 26, 1954. 

Work has continued on h igh - t empera tu r e methods for 
process ing i r rad ia ted U fuel. With fused f luor ides , 
95% of the Pu was removed from a U sample ; t r e a t 
ment of U with HCl gas removed a lmost all the Pu and 
many fission products . A s m a l l - s c a l e dis t i l la t ion of 
Pu from U showed that Raoul t ' s law is obeyed. 

750. A PLANT RADIATION STUDY INTERIM REPORT 
NO. 5. PART n . DATA ON GAMMA SHIELDING 
OF SPECIAL PLUTONIUM SAMPLES. H. A. 
Moulthrop. HW-61755, Oct. 22, 1959. 

The effectiveness of Pb , Pb g l a s s , s tee l , safety g l a s s , 
and Plexiglas for shielding gamma radiat ion from Pu 
samples was evaluated. 

751. REMOVAL OF IRON FROM PLUTONIUM SOLU
TION BY BASIC ACETATE PRECIPITATION. 
L. J . Mull ins. LA-1139, June I, 1950. 

The Pu is oxidized to PuOj"'' with KMNO4, and the Fe 
is precipi ta ted by the addition NHiCjHjOj. About 98% 
of the Pu may be separa ted f rom the Fe if the acetate 
is 1.9M. The ca r ry ing of PuOj"^ by the Fe prec ip i ta te 
is p r imar i ly a function of aceta te concentra t ion. UO^ 
acts effectively as a hold-back c a r r i e r for Pu when it 
is present in t r a c e r quant i t ies . The effect is negligible 
for mac ro concentra t ions of Pu . 

752. THE DETERMINATION OF FLUORIDE IN PLU
TONIUM FLUORIDES. B . B . M u r r a y . DP-247 , 
Nov 1957. 

Fluoride was dist i l led from samples in 12M HjSO,, and 
the dist i l late was then t i t r a ted to a visual end point with 
a s tandard solution of thor ium n i t r a t e . 

753. ABSORPTION SPECTRA OF PLUTONIUM AND 
IMPURITY IONS IN NITRIC ACID SOLUTION. 
M. N. M y e r s . HW-44744, July 31, 1956. 

The absorpt ion spec t ra of P u ( m ) , (IV), and (VI) and the 
red Pu(IV) peroxy complex were de termined in n i t r ic 
acid solution. Many of the spec t r a for impur i t i es found 
in p r o c e s s s t r e a m s a r e also p resen ted . 

754. REDUCTION OF PLUTONIUM(VI) WITH HYDRO
GEN PEROXIDE. M . N . M y e r s . HW-44987, 
Aug. 17, 1956. 

The kinet ics of the reduct ion of Pu(VI) by H P 2 in n i t r i c 
acid was studied. The effect of F e , HjO; concentra t ion, 
acid concentra t ion, and light on the reac t ion is r epor ted . 

755. SPECTROCHEMICAL ANALYSIS OF PLUTONIUM 
AND ITS COMPOUNDS. U. THE CUPFERRON 
PROCEDURE. N. H. Nacht re ib , H. A. P o t r a t z , 
O. R. Simi, S. Wexler, B. S. Wildi. LA-387 (Del.), 
Sept, 14, 1945. 

A method is descr ibed whereby mi l l i g r am samples of 
F e , Sb, V, Ta, Ti , Nb, Z r , Sn, Bi, U, or Pu may be 
analyzed for pa r t s per mill ion of 39 impuri ty e l emen t s . 
The acid insoluble cupferr ide of one of the above e l e 
ments is formed and extracted with chloroform. The 
aqueous solution containing the impur i t i es is evaporated 
on Cu e lec t rodes which a r e sparked to produce the i m 
purity spec t rum. 

756. THE TRANSURANIUM ELEMENTS. RESEARCH 
PAPERS. Glenn T. Seaborg, J. J . Katz, W, M. 
Manning. National Nuclear Energy S e r i e s , Div. 
IV, I4B, Pt . 1, McGraw-Hil l Book Co., Inc. , New 
York, 1949. 

757. PRODUCTION OF A SYNTHETIC INORGANIC 
CATION EXCHANGER AND ITS APPLICATION 
FOR SELECTIVE PLUTONIUM ISOLATION. 
D. Naumann. JPRS-11184, Trans la t ed from Z. 
Chem. I, No. 8, 247-8 (1961). 

P repa ra t i on of a cation exchanger composed of Zr and 
Si oxyhydrates is descr ibed . The exchanger is s tab i l 
ized with phosphate and has good capaci ty, high acid 
r e s i s t ance , and sat isfactory reproducibi l i ty of exchange 
p r o p e r t i e s . 

758. LABORATORY STUDY ON THE CHLORINATION 
REPROCESSING OF NEUTRON-IRRADIATED 
URANIUM FUELS. 4. PRODUCTION AND P R O P 
ERTIES OF ZIRCONIUM-PHOSPHATE-SILICATE 
EXCHANGE MATERLAL AND ITS APPLICATION 
FOR PLUTONIUM ISOLATION. D. Naumann. 
Kernenerg ie .6 , 173-6 (April 1963). 

Fo r the separat ion of Pu from fission products , the in
organic exchanger Zr phosphate-s i l ica te was used with 
good r e s u l t s . 

759 SEMIANNUAL PROGRESS REPORT (ON CHEM
ISTRY) FOR THE PERIOD, JANUARY 1961-
JULY 1961. New Brunswick Lab. , AEC, N. J . 
NBL-177. 

P repa ra t i on of d ices ium plutonium hexachlor ide is r e 
ported, along with evaluation of its suitabili ty as a 
p r i m a r y s tandard for Pu . A procedure is desc r ibed for 
Si separa t ion from Pu using a cat ion-exchange p r o c e 
dure p r io r to spect rographic de terminat ion . Continuing 
development of methods for the spec t rographic d e t e r 
mination of t r a c e impur i t ies in Pu is desc r ibed . 

760. SEMIANNUAL PROGRESS REPORT (ON CHEM
ISTRY) FOR THE PERIOD JULY 1962 THROUGH 
DECEMBER 1962. New Brunswick Lab. , AEC, 
N. J . , NBL-195, Aug 1963. 

The following topics a r e covered; separa t ion of Pu from 
impur i t i es pr ior to spect rographic ana lys i s ; the effect of 
acid concentrat ion on manitol in the de te rmina t ion of 
B in Pu and U using cation exchange; the cons tant -
cu r ren t potent iometr ic t i t ra t ion of Pu with KjCr^O,. Pu 
was separa ted from U solutions by c rys ta l l i za t ion as 
Pu(S04) 



761. THE ANALYTICAL CHEMISTRY OF PLUTONIUM. 
D, Nebel. JPRS-11689. Trans la ted from Chem. 
Tech., Leipzig, H , 522-9 (Sept 1961). 

Methods for separating Pu, including solvent extract ion, 
ion exchange, and precipi tat ion a r e reviewed. Tech
niques for Pu determinat ion, e.g., by absorpt ion or 
emission spectrophotometry, e lec t rochemica l methods, 
potentiometry, polarographic methods, complexometry , 
and radiometry , a re d iscussed. 

762. SIMPLE PREPARATION OF PLUTONIUM(lV) IN 
DILUTED HCIO4. E. Nebel, D. Nebel. Kernenergie 
4, 15-18 (Jan 1961). 

Elec t ro lys is in 1.0 and 0.5M HCIO4 at controlled poten
tial was found to be a convenient method for prepar ing 
Pu(lV), The Pu is first converted electrolyt ical ly to 
Pu(lll), 

763. POLAROGRAPHIC INVESTIGATIONS WITH PLU
TONIUM. D. Nebel, K. Schwabe. N P - t r - 9 8 1 . 
Translat ion of Z. Physik. Chem. _220, (3/4), 240-54 
(1962). 

The Pu(lIl)-Pu(lV) potential in acetate medium was 
studied. A wash was observed at -0.2 V, but the r e 
action is i r r eve r s ib l e . In dilute HCIO4, a wash for 
Pu(lV) was obtained at -1.0 V for Pu in the range of 
10*-10"^M. This is probably due to reduction to Pu 
amalgam. 

764. SPECTROPHOTOMETRIC INVESTIGATIONS OF 
Pu(lV) ACETATE COMPLEXES IN AQUEOUS 
SOLUTION. E. Nebel, K, Schwabe. Z. Physik. 
Chem. 224, (1/2), 29-50 (1963). 

The complex formation of Pu(lV) in aqueous AcONa 
solutions was examined spectrophotometr ical ly . The 
adsorption spect ra of Pu(lll), Pu(lV), and Pu(VI) in 
AcONa-HC104 solutions of different concentrat ions and 
pH are discussed, 

765. THE SPECTROPHOTOMETRIC DETERMINATION 
OF MICROGRAM QUANTITIES OF MOLYBDENUM 
AND TUNGSTEN IN PLUTONIUM USING DITHIOL. 
G. B. Nelson, G. R. Waterbury. In TID-7629. 
Analytical Chemistry in Nuclear Reactor Tech
nology, Fifth Conference, Gatlinburg, Tennessee , 
October 10-12, 1961, pp. 62-68. 

The Mo(VI)-dithiol complex was extracted from 5 to 
6M HCl, and the W(V)-dithiol complex from 9 to I IM 
HCl into pentylacetate, 

766. OBSERVATIONS ON THE MICROSTRUCTURE OF 
PLUTONIUM. R. D. Nelson, H. R. Gardner . 
HW-67737, March I96I . 

Photomicrographs are presented i l lustrat ing the various 
configurations of the Pu-Pu^Fe eutectic and PuN, PuC, 
and Pu4Mg as inclusions. The presence of 500-1500 ppm 
of Fe was found to inhibit microcrack ing . 

767. STUDY OF THE REACTION OF PLUTONIUM(IV) 
WITH ARSENAZO IU. A. A. Nemodruk, N. E . 
Kochetkova. Zh. Analit. Khim. j_8, 333-8 
(March 1963). 

Two se r ies of connplexes a re formed by the interact ion 
of Pu{lV) and arsenazo III, depending on the concentra
tion of ni tr ic acid. Optimum conditions for photonnetric 

determinat ion a r e also given. The molar extinction 
coefficient for the 1:3 complex is 136,000. 

768. NEPTUNIUM SEPARATION FROM URANIUM, 
PLUTONIUM AND FISSION PRODUCTS: AN 
ANNOTATED BIBLIOGRAPHY. B. J. Newby. 
IDO-14459, Dec. 29, 1958. 

769. PRELIMINARY REPORT ON THE X-RAY PHOTO
METRIC ANALYSIS OF PLUTONIUM IN CONCEN
TRATED NITRATE SOLUTIONS. D. M. Newell. 
HW-32710 (Del.). Jan. 17, 1955. 

The method uses a highly concentrated solution of 
a luminum ni t ra te as a salting agent and an acidity of 
1.5N HNO3. The Pu is extracted with 30% tr ibutyl 
phosphate. The organic layer is read in a g lass cell 
with a 12-mm path length in the X- ray photometer . 
In terferences are U and La. 

770. THE KINETICS OF THE REACTION BETWEEN 
PLUTONIUM(VI) AND URANIUM(IV), T. W. New
ton. J. Phys . Chem. ^ , 1493-97 (1959). 

The kinetics were studied in perch lor ic media . The 
H ion dependence indicated that the react ing sys tem 
passes consecutively through two activated complexes 
with nearly the sanne AF values . 

771. CHLORIDE COMPLEX IONS OF Pu(Vl). 
T. W. Newton, F . B. Baker . J . P h y s . Chem. 61, 
934-8 (July 1957). 

At different wavelengths, the absorption was determined 
as a function of CI- from 0- to 1.8M. Making the usual 
assumption, it was found that the data at any one wave
length were consistent with the formation of a single 
complex ion with a constant associa t ion quotient and 
constant absorpt ibi l i ty. 

772. SEPARATION OF URANIUM, PLUTONIUM AND 
FISSION PRODUCTS. C. M. Nicholls , I. Wells, 
R. Spence. Canadian Pa t . 613,891. 

A solvent extract ion method is p resen ted for treating 
neu t ron- i r rad ia ted U to remove Pu and U. The i r r a 
diated U is dissolved in n i t r ic acid, and Pu and U are 
extracted fronn 3N ni t r ic acid and with dibutyl carbitol 
containing 1.8N ni t r ic acid. The Pu is separa ted fronn 
the U in the organic phase by extract ion with an aqueous 
n i t ra te salt solution containing a reducing agent. 

773. SEPARATION OF URANIUM, PLUTONIUM AND 
FISSION PRODUCTS. C. M. Nicholls , I. Wells, 
R. Spence. U. S. Pa t . 2,908,547, Oct. 13, 1959. 

I r radia ted U is dissolved in n i t r ic acid to provide a 
solution about 3N in ni t r ic acid. The fission products 
a r e extracted with dibutyl carbi tol . The organic sol
vent phase is neutral ized with ammonium hydroxide, 
and Pu is reduced to the +3 state with hydroxylamine. 
Trea tment of the nnixture with sa tura ted NH4NO3 ex
t r ac t s the reduced Pu and leaves the U in the organic 
solvent. 

774. THE BEHAVIOR OF REPRESENTATIVE FISSION 
PRODUCTS AND PLUTONIUM IN THE KAPL 
ELECTROREFINING PROCESS AND A REVIEW 
OF THE STATUS OF THE PROCESS. L. W. 
Niedrach, A. C. Glamm, G. R. Fountain. KAPL-
1692, March 27, 1957. 



The c u r r e n t s ta tus of e lectroref ining as a method for 
process ing r e a c t o r fuels is reviewed, including an 
indication of the types of fuel for which such a p r o c e s s 
would be most sui table . 

775. RADIOCHEMICAL DETERMINATION OF PLUTO
NIUM FOR RADIOLOGICAL PURPOSES. 
J . M. Nielsen, T. M. Beas ley . HW-SA-3337, 1963, 

776. QUANTITATIVE SEPARATION OF AMERICIUM 
AND PLUTONIUM USING CUPFERRON. 
J . P . Nigon, R. A. Penneman. LA-1079 (Del.), 
March 8, 1950. 

Am and Pu are separa ted quantitatively by chloroform 
extraction of Pu cupfer ra te from HCl solution. This 
separation is successful from t r a c e r concentra t ions 
up to g r a m quanti t ies of Pu, and m i l l i g r a m s of Am. 

777. ESTIMATING RADIOELEMENTS IN EXPOSED 
INDIVIDUALS. I. RADIOELEMENTS METABO
LISM. II. RADIATION DOSAGE AND PERMIS
SIBLE LEVELS. III. BIOASSAY OPERATIONS 
AND PROCEDURES. Nucleonics .8, No. 2, 13-28; 
No. 3, 66-78; No. 4, 59-67 (1951). 

The laboratory must be isolated from poss ible sources 
of contamination. Samples a r e usually ashed with 
HN03(c). Methods for concentra t ion by ion exchange, 
electrodeposi t ion, precipi ta t ion with c a r r i e r , and sol
vent extract ion a r e given, as well as reconnmended 
procedures for b ioassays . 

778. DEVELOPMENT OF PLUTONIUM BEARING 
FUEL MATERIALS. P r o g r e s s Report for Pe r iod 
July 1 through September 30, 1961. Nuclear 
Mater ia l s and Equipment Corp . , NUMEC-P-80 . 

The simultaneous de terminat ion of Pu and U by differ
ential spect rophotometry was studied. 

779. DEVELOPMENT OF PLUTONIUM-BEARING 
FUEL MATERIALS. P r o g r e s s Report , July 1 
through September 30, 1962. Nuclear Mater ia l s 
and Equipment Corp . NUMEC-P-102 . 

The prepara t ion of UOz-PuO fuel m a t e r i a l s is descr ibed 
along with analyt ical chemis t ry p rocedu re s requ i red for 
support of the fuel-cycle p r o g r a m . 

780. DEVELOPMENT OF PLUTONIUM-BEARING 
FUEL MATERIALS. P r o g r e s s Repor t , J anuary 1 
through March 31 , 1963. Nuclear Mate r i a l s and 
Equipment Corp . NUMEC-P-104 . 

Methods of prepar ing PuOz a re d i scussed . A study was 
initiated to a s s e s s the feasibility of using gamma spec 
t romet ry for rapid p r o c e s s de terminat ion of Pu in 
solutions that also contain U. Pu can be de te rmined 
to within 1%, provided that the U concentra t ion is 
known to bet ter than 2 nng/nnl. 

781. COMPLEXES OF PLUTONIUM(IV) WITH P H E 
NYLARSONIC ACID DERIVATIVES. PART II. 
2-(o-ARSONOPHENYLAZO)-l:8-DIHYDROXY-
3:6-NAPHTHALENEDISULPHONIC ACID (URANOL) 
AND OTHERS. D. W. Ockenden. I G O - R / W - 2 , 
Feb . 1, 1956. 

A complex of t e t rava len t Pu and uranol is quantitatively 
and immedia te ly formed over the pH range of 0 .95-1.35. 

The behavior of other ions (e.g. , UOf^. Fe+ ' , C r+ ' , 
Al"*"', La"*"', and Th**"*) was studied. Unfortunately, be 
cause of a slight fading, this reagent is no bet ter than 
thornol for the absorp t iomet r ic de terminat ion of Pu. 
Many other reagents of s imi la r s t ruc tu re have been 
studied, but few show any appreciable react ion with 
Pu * even in the ul t raviole t region. 

782. THE PREPARATION AND PROPERTIES OF 
SOME PLUTONIUM COMPOUNDS. PART V. 
COLLOIDAL QUADRIVALENT PLUTONIUM. 
D. W. Ockenden. G, A. Welch. J . Chem. Soc. 
3358-63 (Sept 1956). 

Colloidal or polymeric Pu"*"* has been separa ted from 
the ionic species of Pu by ion exchange. The ra te of 
formation, its stability in more concentrated solutions 
of HNOj, and its absorpt ion on cer ta in surfaces have 
been studied. Its minimum and maximum molecular 
weights of the colloid have been calculated from diffu
sion experinnents. 

783. THE KINETICS OF THE REACTION BETWEEN 
Pu"*"̂  AND PuO^^. A. E . Ogard, S, W. Rabideau. 
J. Phys . Chem. .60, 812-13 (June 1956). 

Spectrophotonnetric observat ions on kinet ics of Pu 
and PuO^^ a r e made. 

784. REDUCTION OF PLUTONIUM VALUES IN AN 
ACIDIC AQUEOUS SOLUTION WITH FORMAL
DEHYDE. C, M. Olson. U . S . P a t . 2,890,098, 
June 9, 1959. 

A method is given for reducing Pu to the te t ravalent 
s tate and lowering the high acidity of d i s so lver solutions 
by using formaldehyde in the ra t io of 0.375:1 to 1.5:1 as 
formaldehyde is to HNO3. Pu is then removed by c a r 
r i e r precipi ta t ion using BiP04, or by ion exchange. 

785. A CHEMICAL METHOD OF TREATING FISSION
ABLE MATERIAL. C. M. Olson. U. S. Pa t . 
2,902,340, Sept. 1, 1959. 

One step of a p r o c e s s for separat ing Pu from U and 
fission products is p resen ted . A ni t r ic acid solution is 
t r ea ted with formic acid to give Pu of a valence state 
not g r ea t e r than +4 and to destroy n i t r ic acid. 

786. PREPARATION OF URANIUM(IV) NITRATE 
SOLUTIONS. R. S. Ondrejcin. DP-602 , July 1961. 

U'*"*" in HNO3-hydrazine solution is proposed as a Pu 
reduction agent in solvent-ext rac t ion p r o c e s s e s . UO^ 
in 0.5M H2S04 was reduced to U^* in 21 minutes by a 
50% excess of Zn. Reoxidation was not observed during 
standing 24 hours in the air at 25°C. 

787. ANALYTICAL CHEMISTRY DIVISION QUARTERLY 
PROGRESS REPORT FOR PERIOD ENDING 
JANUARY 10, 1951. Oak Ridge National Labo r 
atory. ORNL-955 (Del.), March 28. 1951. 

Work was continued on the automatic t i t ra t ion of U 
and Pu. 



788. ANALYTICAL CHEMISTRY DIVISION QUAR
TERLY PROGRESS REPORT FOR PERIOD END
ING SEPTEMBER 26, 1952. Oak Ridge National 
Laboratory. ORNL-1423 (Del.), March 4, 1953. 

This repor t d i scusses Pu analysis by a counting, sol 
vent extraction nnethods, and car ry ing of Pu by fluoride 
prec ip i ta tes . 

789. ANALYTICAL CHEMISTRY DIVISION ANNUAL 
PROGRESS REPORT FOR PERIOD ENDING 
DECEMBER 31, 1957. Oak Ridge National Lab
ora tory . ORNL-2453, Jan . 30, 1958. 

Research and developnnent continued with spectrophoto
metr ic studies of Pu in sulfate s y s t e m s , and de te rmina
tion of Pu"!"̂  and Pu"*"* in PUF3-PUF4 mixtures in fused 
NaF-BeF j . 

790. ANALYTICAL CHEMISTRY DIVISION ANNUAL 
PROGRESS REPORT FOR PERIOD ENDING 
DECEMBER 31, I960. Oak Ridge National Lab
ora tory . ORNL-3060, Feb . 15, 1961. 

This report covers analytical ins t rumentat ion, ionic 
analyses, nuclear analyses , optical and electron nni-
croscopy, radiochennical ana lyses , spec t rochemica l 
and X-ray analyses , and reac to r projects analytical 
chemis t ry . 

791. SOLVENT EXTRACTION TECHNOLOGY. In 
ORNL-3314, Chemical Technology Division An
nual P r o g r e s s Report for Per iod Ending June 30, 
1962. Oak Ridge National Laboratory, Sept. 21, 
1962, pp. 96-115. 

Chennical and physical performance of the chemical 
flowsheet developed for final-cycle Pu purification by 
te r t ia ry a'nnine-extraction was demonstra ted in counter-
current runs with simulated feeds and with P u r e x plant 
solutions. 

795. SOME ANALYTICAL APPLICATIONS OF 
m-NITROBENZOIG ACID WITH PARTICULAR 
REFERENCE TO SEPARATION OF QUADRI
VALENT ELEMENTS (PLUTONIUM) FROM 
RARE EARTHS (LANTHANIDES). G. H. Osborn. 
Analyst 73, 381-4 (1948). 

Reference is made to paper by B. G. Harvey et a l . 
(J. Chem. S o c , 1010, 1947), who used m-ni t robenzoic 
acid as a reagent for Pu . It was found that the quadr i 
valent ion was precipi ta ted , but not the t r iva len t ion. 

796. SUMMARY REPORT FOR APRIL-JUNE 1950. 
CHEMISTRY DIVISION, SECTION C - 1 . 
D. W. Osborne . ANL-4490 (Del.), 
July 27, 1950. 

Data a re given on the ext ract ion of Am, Cm, and Pu in 
aqueous HCl-butyl phosphate e s t e r s y s t e m s . 

797. SUMMARY REPORT FOR JANUARY-MARCH 1950. 
CHEMISTRY DIVISION, SECTION C - 1 . 
D. W. Osborne . Argonne National Laboratory , 
ANL-4469 (Del.), June 7, 1950. 

This repor t concerns separa t ion of Pu and Np, and an 
investigation of natural ly occurr ing Pu for isotopes 
other than Pu" ' ' . 

798. SOLVENT EXTRACTION OF METALS BY 
ORGANOPHOSPHORUS COMPOUNDS. II. PAR
TICULAR EXTRACTION SYSTEMS. K. Oshima. 
Nippon Genshiryoku Gakkaishi A_, 166-74 
(March 1962). 

The systennatic study on the basic mechan i sm of ex
t ract ion for the sys tems of T E P - a c i d s , TBP-U-ac ids , 
and TBP-me ta l s -HN03 was c a r r i e d out, and the factors 
affecting the extractabi l i ty in these sys t ems were d is 
cussed . Separat ion of Pu from U was by solvent 
extract ion. 

792. CURIUM PROCESSING. In ORNL-3452, Chemical 
Technology Division Annual P r o g r e s s Report for 
Per iod Ending May 31, 1963. Oak Ridge National 
Laboratory, Sept. 20, 1963, pp. 134-143. 

The recovery of 30 granns of Pu and 4 g r a m s of t r a n s 
uranium elements from highly i r rad ia ted Pu-Al alloy 
rods was completed in a pilot-plant study of flowsheets 
featuring anion exchange separat ion methods. 

799. ANALYTICAL METHOD FOR IN-LINE PLUTO
NIUM ANALYSES. R. F . Overman. DP-619, 
Aug 1961, 

Labora tory studies dennonstrated the feasibility of a 
co lor imet r ic nnethod for the in- l ine analys is of Pu(lV) 
and Pu(lII). Negligible in ter ference was caused by 
normal var ia t ions in concentrat ions of n i t r i c , ni t rous, 
and fer r ic sulfate from the P u r e x P r o c e s s solution. 

793. PLUTONIUM ION EXCHANGE PROCESSES. 
Proceedings of the US-UK Technical Exchange 
Meeting, Oak Ridge National Laboratory , 
April 25-27, I960. Oak Ridge National Labora
tory, TID-7607. 

Information on the process chemis t ry of Pu in both 
cation- and anion-exchange sys t ems . Infornnation is 
also presented on the use of annine extract ion to r e 
place ion exchange for Pu product purification. 

800, ON THE REDUCTION OF PLUTONYL SULFATE 
BY a RADIATION. M. P a g e s , C. F e r r a d i n i , 
M. Haiss inski i . Compt. rend. _245, 1128-9 (1957). 
Also AEC-t r -3534 . 

The reduction of plutonyl sulfate by gamnna radiation 
from radioactive Co stops at the (IV) valence state and 
var ies l inearly with the absorbed energy. The yield 
diminishes with the inc rease of sulfuric acid 
concentrat ion. 

794. ANALYSIS BY ALPHA SPECTROMETRY. 
C. C. d 'Orval. CEA-1594, I960, 

The energies of alpha par t ic les a re separa ted by count
ing in a chamber with a grid, especially designed for 
the analysis of Pu. A resolution of 1.7% is normally 
obtained for Pu, Pu^^-Pu"^ and P u " ' - P u " ^ mixtures 
were analyzed. 

801. RADIOLYSE DES SOLUTIONS AQUEUSES DE 
PLUTONIUM. M. P a g e s . CEA-1420, I960. 

The effects of gamnna rays on Pu aqueous solutions at 
var ious valence s ta tes in sulfuric, pe rch lo r i c , n i t r ic , 
and hydrochloric acids were studied. In sulfuric and 
perchlor ic acid solut ions, radio lys is of water produces 
OH, HzOi. H, and H^. H and H^Oa reduce Pu(Vl), while 



Pu(V) is oxidized by OH rad i ca l s . The react ion with 
HjOj is slow. The effect of alpha pa r t i c l e s is s imi l a r 
to the effect of HjOj. At low ac id i t ies , Pu(IV) peroxide 
seems to lead to polymer f o r m s . 

802. ACTION OF GAMMA AND ALPHA RAYS ON 
PLUTONIUM SOLUTIONS. M. Pages and 
M. Haiss insk i i . P r o c . 2nd In tern . Conf. Peaceful 
Uses Atomic Energy, Geneva, 1958, 29, 44, 
United Nations, New York, 1958. 

The radiochemical reduction of PuOjSOi in sulfuric 
acid solutions after i r r ad ia t ion with Co gamma rays 
was studied. The effect of SOJ^ is g r e a t e r than that of 
H"*" ions. Self-reduct ion by Pu alpha rays va r i e s with 
S04^ and H"*" ions. 

803. ANALYTICAL CHEMISTRY OF THE ACTINIDES. 
P . I. Pa l e i . Zhur . Anal. Khim. \Z, 647-64 (1957). 

An outline is p resen ted of the p rope r t i e s and react ions 
used as a bas i s for the chemical methods of separat ing 
and determining the e lements of the actinide group, 
mainly U, Th, Pu, Np, and Am. 

804. COMPLEXOMETRIC DETERMINATION OF Pu(IV) 
WITH ARSENAZO INDICATOR. P . N . Pa le i , 
W. Chang. Zhur . Anal. Khim. J l , 598 (1960). 

Pu(IV) is t i t ra ted with 0.1-0.005M solution of com-
plexone(in) in acid media (0.1-0.2N HCl or HNO,) using 
arsenazo(I) as an indicator . L a + \ UO;+', C r+ ' , Pb+^ 
and Ni"*"̂  do not in te r fe re . Fe"*"' must not exceed 3-47o 
of the Pu content. 

805. THE THERMAL-EMISSION ION SOURCE IN 
SOLID SOURCE MASS SPECTROMETRY. 
G. H. P a l m e r . J . Nuclear Energy J7, 1-12 (1958). 

The advantages of solid techniques a re i l lus t ra ted by 
considering the analysis of s u b m i c r o g r a m quanti t ies of 
Pb, U, and Pu. 

806. A METHOD FOR MONITORING ELECTRODEPO
SITION OF ALPHA-RADIOACTIVE ISOTOPES. 
A. A. Panomarev , G. I. Khlebnikov, K. A. Gavrilov. 
P r ib ry i Tekh. Ekspt . N o . ^ , 58-60 (I960). 

An improved method for observing deposition of a 
active substances on thin base l ayers is desc r ibed . 
Optimum conditions for Pu deposition from a mixture ^ 
of formic acid and ammonium formate a r e 150 m a / c m 
current and an e lect rolyte concentrat ion of about 
0.25 mol. 

607. DETERMINATION OF IRON IN PRODUCT 
SOLUTIONS. A. K. P a r l o u r . CN-1656, 
July 12, 1944. 

Data a r e presen ted on the ana lys i s of Fe in Pu solutions 
using or tho-phenanthrol ine . T ransmi t t ance cu rves show 
no ser ious in te r ference from Zr , Ni , Cr , Bi , 
La"*"̂ , and Mn"̂ ^ in the concentra t ions usual ly found in 
p rocess solut ions. 

608. THE CHEMICAL PROPERTIES OF PLUTONIUM 
IN WATER SOLUTION. A. Pas t e rnak . 
N u k l e o n i k a i , 53-68 (1958). 

The oxidation s t a tes and var ious forms of Pu in aqueous 
solutions a r e d i scussed , as well as the hydrolys is , 
po lymer iza t ion , formation of colloids, and polyanions. 

809. COPRECIPITATION OF PLUTONIUM WITH 
ALIZARIN. A . P a s t e r n a k . Nukleonika .6, 
113-26 (1961). 

A compar ison is made of the coprecipi ta t ion with a l i z 
ar in of Pu(lII), Pu(IV), Pu(VI), and Pu(IV) in the p r e s 
ence of complexing agents such as a l i za r in S, TTA, 
and EDTA. 

810. MANUAL OF SPECIAL MATERIALS ANALYT
ICAL LABORATORY PROCEDURES. J. H. P a t 
t e r son , H. B. Evans , C. M. Stevens, A. L. 
Harkness , J . Sedlet, J . P . Hughes, J . K. Brody, 
V. R. Wiederkehr , R. J . F e r r e t t i . ANL-5410. 
March 1955. 

P r o c e d u r e s a r e presented for Pu, U, and for many U 
al loys . Also, isotopic determinat ion by m a s s spec
t rome t ry , balance tes t ing, and analytical weight-
cal ibrat ion procedures a re given. 

811. COMPOSITION OF PLUTONIUM(IV) 8-HYDROXY
QUINOLATE. R, L. Pat ton. National Nuclear 
Energy Se r i e s , Div. IV, 14B, T r a n s u r a n i u m 
Elements , Pt . I, 853-54, McGraw-Hil l Book 
Company, Inc. , New York, 1949. 

There a re four moles of organic radica l per mole of 
the Pu derivat ive of 6-hydroxyquinoline. The re fo re , 
the coordination number of Pu(IV) in such compounds 
is 8. 

81Z. THE DETERMINATION OF PLUTONIUM IN 
IRRADIATED URANIUM FUEL SOLUTIONS BY 
CONTROLLED POTENTIAL COULOMETRY. 
R, M. Peekema, F . A. Scott. HW-58491, 
Dec. 10, 1958. 

Method has been used for Pu in the range of 0.05-
50 g r a m s per l i te r . The t i t ra t ion curves follow the 
Ners t equation exactly for ions that undergo r eve r s ib l e 
reac t ions . Few ions in terfere or have complexes near 
the Pu(III)-Pu(IV) couple. At 20 g r a m s per l i t e r , the 
s tandard deviation is about ±0.057o with an accuracy 
bet ter than 0.1%. 

813. PROPERTIES OF CERAMIC FUEL MATERIALS. 
L. A. P e m b e r . HW-78260 CH, June 29, 1963. 

A chart p resen t s in condensed form the physical , mech
anical , and fabrication p roper t i e s of U, Pu and Th 
bor ides , ca rb ides , n i t r ides , oxides, phosphides , su l 
fides, and s i l ic ides . 

814. THE PREPARATION OF UNIFORM FILMS FOR 
SPONTANEOUS FISSION COUNTING. L. P . P e p -
kowitz, E . L. Shir ley. KAPL-181 , Nov. 8, 1950. 

Two methods a re desc r ibed for thin (0.3 mg/cm^) ad
herent f i lms. The g lyce r ine -ae roso l technique is 
applicable to U, Pu . and Np, whereas the second tech
nique r e f e r r e d to as the "glycerol pool" has been used 
successfully for U only. The special mer i t of the 
glycerol pool is that U films can be deposited on ex
t r emely thin backing ma te r i a l s such as 0.1 mi l Al. 



815. APPLICABILITY OF CERTAIN ORGANO PHOS
PHORUS EXTRACTANTS TO ENVIRONMENTAL 
AND BIOLOGICAL RADIOACTIVE SURVEYS. 
D, F . Peppard, G. W. Mason, C. M. Andres jas ich . 
J. Inorg. Nucl. Chem. 25, 1175-1189 (1963). 

The applicability of cer ta in organo phosphorus ex t r ac 
tants to environmental and biological radioactivity 
surveys has been dennonstrated. Specifically, a solu
tion of mono-2-ethyl hexyl phosphoric acid, HjMEHP, 
in a hydrocarbon and/or chlorinated hydrocarbon 
diluent has been shown to extract radioactive Ce(lll) , 
Pm(ll l) , Y(III), Am(lII), Pu(lII), Th(lV), Pu(lV), and 
U(VI) from acidified human urine with sufficiently high 
K values to pernnit basing a scheme of analysis for 
such radioelements upon liquid-liquid extract ion. 

816. SEPARATION OF PLUTONIUM. J . H . P e t e r s o n . 
Canadian Pat . 625,515, Aug. 15, 1961. 

The bismuth phosphate method for precipi tat ion of Pu 
from solutions of n - i r r ad ia ted U is improved by adding 
a Bi solution in ION HNO3 to a solution of i r r ad ia ted U 
in 5-ION HNO3-O.IM in H3PO4. The use of these high 
HNO3 concentrations great ly enhances the ease with 
which the precipitat ion can be fi l tered. 

817. ALKYLPHOSPHONATES: DIPHOSPHONATES, 
AND PHOSPHINE OXIDES AS EXTRACTANTS. 
K. A. Petrov, V. B. Shevchenko, V. G. Timoshev, 
F . A. Maklyaev, A, V. Fokin, A. V. Rodionov, 
V. V. Balandina, A. V. El 'k ina, Z. I. Nagnibeda, 
A. A, Volkova. Zh. Neorg. Khim. 1_, 498-502 
(I960). 

The distribution coefficients of U, Pu(lV), Z r " + N b " , 
and Nb were obtained with BU3PO4, various alkyl 
phosphonates, phosphine oxides, and diphosphonates. 

818. THE DETERMINATION OF FREE ACID IN PLU
TONIUM SOLUTIONS. J . L. Pflug, F . J . Miner. 
Anal. Chim. Acta 13 , 362-7 (Oct I960). 

The determination of the free acid in Pu p r o c e s s solu
tions r equ i res a nnethod that will prevent in terference 
from hydrolysis of the Pu ions. This procedure in
volves the formation of a soluble complex of the hydro
lyzable ions and then the t i t ra t ion of the free acid in the 
presence of this connplex. The connplexing agent used 
is the ci t rate ion, and the end point is detected 
potentiometrically, 

819. ANALYTICAL METHOD FOR THE DETERMINA
TION OF PLUTONIUM IN URANIUM PLANT 
SOLUTIONS, (LANTHANUM FLUORIDE CO
PRECIPITATION FROM AMMONIUM SULFATE 
SOLUTION.) United Kingdom Atomic Energy 
Authority. Production Group, Chemical Services 
Dept., Windscale, Sellafield, England. PGR-95(W), 
March I960. 

The U is complexed by the amnnonium sulfate, and the 
precipitation of U fluoride is prevented. The Pu is 
determined by alpha counting using standard alpha-
scintillation equipment. 

820. ANALYTICAL METHOD FOR THE DETERMINA
TION OF PLUTONIUM IN REACTOR FUEL 
PROCESSING AND EFFLUENT PLANT SOLU
TIONS. (RAPID LANTHANUM FLUORIDE CO
PRECIPITATION.) United Kingdom Atomic 
Energy Authority. Product ion Group, Windscale, 
Sellafield, England. PG-Repor t -199 , 1961. 

Pu is precipi ta ted along with La f luoride. The p r e 
cipitate is d i spersed on a s t a i n l e s s - s t e e l p la te , and the 
alpha activity is measured using s tandard alpha-
scinti l lation counting equipment. 

821. ANALYTICAL METHOD FOR THE DETERMINA
TION OF PLUTONIUM IN THE FEED AND 
PRODUCT SOLUTIONS OF THE WINDSCALE 
PRIMARY SEPARATION PLANT (COMPLEX
OMETRIC TITRATION). United Kingdom Atomic 
Energy Authority. Product ion Group, Windscale, 
Sellafield, England. PG-Repor t -210 , I96I . 

A sample solution is mixed with a solution of hyamine 
1622 in benzene. Pu is ext rac ted , and the bulk of fis
sion products , F e , Cr , and U a re not extra,cted. The 
solvent is evaporated, and the Pu is complexed with 
EDTA. The excess is back- t i t ra ted with s tandard zinc 
chloride to a photometric end point. 

822. THE DETERMINATION OF URANIUM IN PLU
TONIUM METAL: PLUTONIUM COMPOUNDS 
AND NITRIC ACID OR HYDROCHLORIC ACID 
SOLUTIONS OF PLUTONIUM, (POLAROGRAPHIC 
METHOD.) United Kingdom Atomic Energy 
Authority. Product ion Group, Windscale, Sella
field, England. PG-Repor t -236 , 1961. 

An a l t e rna t ing-cur ren t polarographic nnethod is de
scr ibed by which U is es t imated in t r ivalent Pu solu
tion in HCIO4 with a limit of detection of 1 fxg of U in 
a concentrat ion range of 10 to 200 ppnn of U. 

823. ANALYTICAL METHOD FOR THE DETERMINA
TION OF PLUTONIUM IN THE PRODUCT FROM 
THE PLUTONIUM PURIFICATION PLANT 
(DIFFERENTIAL SPECTROPHOTOMETRY). 
United Kingdom Atomic Energy Authority. P r o 
duction Group, Windscale, Sellafield, England. 
PG-Repor t -297 , 1962. 

The Pu in the sample (5 mg of P u / m l ) is reduced to the 
t r ivalent state with hydroxylamine hydrochlor ide and 
the absorbancy is compared with that of a s tandard at 
565 mu. 

824. ANALYTICAL METHOD FOR THE DETERMINA
TION OF PLUTONIUM IN THE FEED AND 
PRODUCT SOLUTIONS OF THE PLUTONIUM 
PURIFICATION PLANT. (DIRECT RADIO
METRIC.) United Kingdom Atomic Energy 
Authority. Production Group, Windscale, Sella
field, England. PG-Repor t -300 , 1962. 

A sample is evaporated on a flat, s t a i n l e s s - s t ee l count
ing t ray and the a activity measu red with a proportional 
counter. The precis ion at three t imes the standard 
deviation is 5.2%. 



825. ANALYTICAL METHOD FOR THE DETERMINA
TION OF THE P L U T O N I U M / U R A N I U M RATIO ON 
THE FEED SOLUTION OF THE WINDSCALE 
PRIMARY SEPARATION PLANT. (ISOTOPE DI
LUTION METHOD.) United Kingdom Atomic 
Energy Authori ty. Product ion Group, Windscale , 
Sellafield, England. PG-Repor t -340 , 1962. 

The P u / u ra t io was de te rmined by the isotope dilution 
technique after using a m a s s s p e c t r o m e t e r and adding 
U^̂ ^ and Pu^^^ t r a c e r s in known amounts to the feed 
solution. 

826. ANALYTICAL METHOD FOR THE DETERMINA-
TION OF PLUTONIUM IN SOLUTIONS CONTAIN
ING LARGE AMOUNTS OF IRON AND CHROMIUM. 
(LANTHANUM FLUORIDE COPRECIPITATION.) 
United Kingdom Atomic Energy Authority. P r o 
duction Group, Windscale , Sellafield, England. 
PG-Repor t -372 , 1962. 

Pu is coprecipi ta ted with lanthanum fluoride and spread 
on a s t a in l e s s - s t ee l plate for m e a s u r e m e n t of the alpha 
activity by scint i l lat ion methods . 

827. ANALYTICAL METHOD FOR THE DETERMINA
TION OF PLUTONIUM IN REACTOR FUEL 
PROCESSING PLANT SOLUTIONS. (LANTHANUM 
FLUORIDE COPRECIPITATION.) United Kingdom 
Atomic Energy Authori ty. Product ion Group, 
Windscale, Sellafield, England. P G - R e p o r t - 3 7 3 , 
1962. 

Pu is coprecipi tated with lanthanum fluoride, and the 
alpha activity is measu red using s tandard alpha-
scintillation counting equipment. 

828. ANALYTICAL METHOD FOR THE TITRIMETRIC 
DETERMINATION OF PLUTONIUM (CHROMOUS 
REDUCTION - CERIC SULFATE TITRATION). 
United Kingdom Atomic Energy Authori ty. P r o 
duction Group, Windscale, Sellafield, England. 
PG-Repor t -309 , 1962. 

Following the removal of n i t r ic acid, Pu is reduced to 
the t r ivalent s tate with an excess of chromous chlor ide . 
The excess of chromous salt is oxidized with a i r , and 
the Pu is t i t ra ted to the te t ravelent form with s tandard 
ceric sulfate. The end point is obtained potent iomet
r ical ly. The prec is ion (3 x sigma) is ±1.23%. 

829. ANALYTICAL METHOD FOR THE ASSAY OF 
PLUTONIUM OXIDE (DIFFERENTIAL SPECTRO
PHOTOMETRY). United Kingdom Atomic Energy 
Authority. Product ion Group, Windscale, Sel la
field, England. PG-Repor t -442 , 1963. 

A solution of the oxide is p r epa red in n i t r ic acid, hydro
chloric acid is added, and the re la t ive absorbency of the 
solution is m e a s u r e d at 565 m^ against a Pu s tandard . 
The prec is ion (3 t i m e s s tandard deviation) applied to 
metal samples is ±0.28%. 

830. ANALYTICAL METHOD FOR THE DETERMINA
TION OF THE SPECIFIC SURFACE AREA OF 
PLUTONIUM OXIDE POWDER (B.E.T. METHOD). 
United Kingdom Atomic Energy Authority. P r o 
duction Group, Windscale , Sellafield, England. 
P G - R e p o r t - 5 0 2 , 1963. 

The outgassed plutonium oxide sample is exposed to N 
gas at the t e m p e r a t u r e of liquid N until equi l ibr ium is 

es tabl ished between unabsorbed and adsorbed g a s . The 
volume of N adsorbed when the ent i re surface is covered 
with a unimolecular layer is obtained using the 
B r u n a u e r - E m m e t t - T e l l e r equation. 

831. PRECISE DETERMINATION OF PLUTONIUM BY 
DIFFERENTIAL SPECTROPHOTOMETRY. 
G. Phi l l ips . Analyst 81 , 75-9 (1958). 

The sample is dissolved in HCl and maintained in the 
reduced state by the p re sence of hydroxylamine hydro
chloride in the solution. The re la t ive absorbency of the 
sample is then measu red against^that of an accura te ly 
known s tandard solution at 5650 A. The p rec i s ion was 
±0.5% using mi l l ig ram amounts of Pu. 

832. THE DIFFERENTIAL SPECTROPHOTOMETRIC 
DETERMINATION OF PLUTONIUM IN ROUTINE 
USE. G. Phi l l ips . AERE-M-678 , May 1960. 

Pu is detected by differential spect rophotometry at 
565 mu by using the Pu(III) color in HCl solution. The 
method is applicable for 1.5-14.0 m g / m l . 

833. THE CHEMICAL ANALYSIS OF TERNARY 
ALLOYS OF PLUTONIUM WITH COBALT AND 
CERIUM. G. Phi l l ips , E. F o s t e r . AERE-R-2878 , 
May 1959. 

Pu is separa ted as ni t ra te complex on anion-exchange 
r e s in . Co is de termined in the effluent with n i t r o s o - R -
salt and Ce by t i t ra t ion with KMNO4 in pyrophosphate 
solution to a photometr ic end point. The Pu is de t e r 
mined absorpt iometr ica l ly after elution as Pu(III) with 
hydroxylamine hydrochlor ide . 

834. THE REMOVAL OF PLUTONIUM BEFORE THE 
ANALYSIS OF MIXED FISSION PRODUCTS. 
G. Phi l l ips , E. N. Jenkins . J . Inorg. Nucl. 
Chem. 1 , 220-4 (1957). 

Pu is removed quantitatively as the te t ravalent nitrate 
complex on De-acedi te F F r e s in . Of the nongaseous 
fission products , all except Zr and Nb were r ecovered 
in 98% or g r e a t e r yield on washing the r e s i n . A p r o 
cedure is given for Zr and Nb. 

835. THE CHEMICAL ANALYSIS OF TERNARY 
ALLOYS OF PLUTONIUM WITH MOLYBDENUM 
AND URANIUM. G. Phi l l ips , J, Woodhead, 
E. N. Jenkins . Anal. Chim. Acta i J , 229-234 (1958). 

Mo is extracted with a-benzoin oxime f i rs t , and then Pu 
and U a re separa ted by means of anion exchange. The 
e lements a re analyzed spec t rophotometr ica l ly . 

836. THE VOLATILITY OF PLUTONIUM DIOXIDE. 
T, E. Phipps , G. W. S e a r s , O. C, Simpson. 
J . Chem. Phys . IJ., 724-34 (1950). 

837 AN INTERIM REPORT ON STUDIES OF THE 
THERMIONIC PROPERTIES OF SURFACES CON
SISTING OF PLUTONIUM ATOMS ADSORBED ON 
OXYGENATED TUNGSTEN. T. E. Phipps , E. G. 
Rauh, O. C. Simpson. ANL-4654, 
Aug. 27. 1951. 

An appara tus consisting of a ho t -wi re detector in the 
path of an atomic beam of Pu a toms is desc r ibed . An 
at tempt to ionize Pu a toms was no s u c c e s s , so the 
ionization potential of Pu is g r e a t e r than 6.2 Vol ts . 



838. VOLATILITY OF PLUTONIUM DIOXIDE, 
T. E. Phipps, G. W. S e a r s , O. C. Simpson. 
J . Chem. Phys . 18, 724-34 (1950), 

The volatility of plutoniunn dioxide has been measu red 
in the t empera tu re range of 1320 to 1790°C by a nnod-
ification of the Knudsen effusion method. The the rma l 
reduction of the oxide was also r e v e r s e d by heating the 
reduced oxide in a low-pressu re a tmosphere of O. 

839. PREPARATION OF STANDARD PLUTONIUM 
SOLUTIONS FOR ALPHA COUNTING. 
C. E, P i e t r i . In NBL-204, Semiannual P r o g r e s s 
Report (On Chemistry) for the Per iod January 
1963 through June 1963. Dec 1963. 

Two methods, coulometric and gravinnetr ic , a r e de
scribed for preparat ion of s tandard Pu solutions for 
alpha-counting following removal of Am by anion-
exchange separat ion. The absolute nnaxinnum e r r o r 
associated with the volumetr ic nnethod is within 
0.4-0.5%, while that for the g rav imet r ic procedure is 
within 0.1%. Calibrat ions of the alpha counter with a 
standard Pu solution gave an efficiency factor of 
49-91 ± 0.57% at 957o confidence level. 

840. SEPARATION AND DETERMINATION OF PLU
TONIUM IN PLUTONIUM-URANIUM FUEL 
ELEMENTS. C. E. P i e t r i . NBL-189, Jan 1963. 

Pu is separated from U by cation exchange. The r e 
fractory oxides a re dissolved by refluxing in concen
trated nitric acid and 6N HF acid solution. Both U and 
Pu are determined potentiometrically at constant cur 
rent with potassium dichromate . 

841. PLUTONIUM SULFATE TETRAHYDRATE, A 
PROPOSED PRIMARY ANALYTICAL STANDARD 
FOR PLUTONIUM. C E . P i e t r i . Anal, Chem. 34, 
1604-6 (Nov 1962). 

Stoichionnetric Pu sulfate te t rahydra te has been p r e 
pared by controlled crysta l l izat ion fronn sulfuric acid. 
The formula was found to be Pu(S04)2 • 4H20, No sig
nificant changes were observed over 28 months. 
Changes in relative humidity below 75% had lit t le effect 
on the mater ia l . 

842. THE DETERMINATION OF PLUTONIUM BASED 
ON NATIONAL BUREAU OF STANDARDS POTAS
SIUM DICHROMATE. C. E. P i e t r i , J . A. Baglio. 
Talanta_6, 159-166 (i960). 

The design and operation of the New Brunswick Lab
ora tory ' s Pu analytical facility a re descr ibed. Pu 
metal (99.96%) is determined by potent iometr ic t i t r a 
tion using polarized gold e lec t rodes . The average r e 
sults were within 0.01% of the purity of the Pu. 

843. POTENTIOMETRIC DETERMINATION OF PLU
TONIUM WITH POTASSIUM DICHROMATE: 
VOLUMETRIC SAMPLING EVALUATION. 
C. E, P ie t r i , A. W. Wenzel. In NBL-204, Semi
annual P r o g r e s s Report (On Chemistry) for the 
Period January 1963 through June 1963. Dec 1963. 

The precision obtained for the Pu assay method using a 
volumetric sampling procedure on two standard solu
tions is ±0,08% compared to previous r e su l t s of O.OI to 
0.04% for gravimetr ic sampling. A possible effect of 

the o rder of pipetting and order of analysis on the 
resu l t s of the Pu assay was noted. 

844. CATION EXCHANGE SEPARATION AND SPEC
TROGRAPHIC DETERMINATION OF SOLUBLE 
SILICON IN PLUTONIUM. C. E. P i e t r i , A. W. 
Wenzel. Anal. Chem. H , 209-11 (Feb 1963). 

A cation-exchange separa t ion from Pu is made pr io r to 
spect rographic determinat ion. Bo i l e r - cap e lec t rodes , 
in conjunction with sodium carbonate buffer, double the 
sensitivity normally obtained without caps . The lower 
l imit of detection is 1 ppm. Overa l l re la t ive s tandard 
deviation was ±9%. 

845. HAZARDS IN HANDLING PLUTONIUM. 
K. C. P i l la i , S. Somasundaram, P . R. Kamath. 
A E E T / H P / S M - 2 , July 1, 1958. 

The nuclear and metabolic p rope r t i e s of Pu^'^ a re de
scr ibed briefly. Maximunn p e r m i s s i b l e levels of Pu 
in the body, a i r , water , su r faces , and soil a r e given. 
The design of laboratory facil i t ies for handling Pu is 
d iscussed. Safe handling ru les a r e given. 

846. EFFECTS OF RADIATION ON THE VALENCE 
STATE OF PLUTONIUM IN PERCHLORIC ACID 
SOLUTIONS. N. I. Popov. Atomnaya Ene rg . _6, 
71-73 (1959). 

A graphic representa t ion is given of the radio-induced 
changes in valence of Pu and U pe rch lo r a t e s . 

847. E F F E C T OF RADIATION ON THE VALENCE 
STATE OF PLUTONIUM IN NITRIC ACID SOLU
TION. N. I. Popov, V. I. Medvedovskii, N.A. Bakh. 
Atomnaya Energ . _4, 154-60 (1958). 

Pu solutions containing HNO3, NaNOj, U0g(N03)^, and 
K2Cr207 in various concentrat ions and connbinations 
were subjected to X-radia t ion . The ra te of increase in 
oxidized Pu concentrat ion always dec reased with the 
absorption of energy. The initial oxidation yield de
c reased with an inc rease in NaN03 concentrat ion. I r r a 
diation of pure HNO3 solutions of Pu showed that HNO3 
depressed the oxidation yield of Pu nnore efficiently 
than NaNOj. 

848. ELECTRODEPOSITION OF PLUTONIUM AT A 
MERCURY CATHODE. J . A. P o r t e r . DP-388, 
June 1959. 

Pu was electrodeposi ted at a Hg cathode from an 
ethanol solution using Ce(lll) t r i ch lor ide as a stand-in 
for Pu. 

849. A SURVEY OF ORGANIC SOLVENTS FOR THE 
ELECTRODEPOSITION OF PLUTONIUM. 
J. A. P o r t e r . DP-389, July 1959. 

Using Ce(lll) as a s tand- in for Pu, the solubility and 
conductivity were investigated in dimethyl sulfoxide. 
The sys tem dimethyl su l foxide-cer ium chloride is the 
most promising for e lectrodeposi t ion of Ce at the 
Hg cathode. 

850. PROCESS FOR THE RECOVERY OF PLUTONIUM. 
H. A. Po t r a t z . U. S. Pa t . 2,864,841, Dec. 16, 1958. 

Pu is separa ted from U and fission products by con
tacting an acid solution containing uranyl and Pu(lV) 



with enough anamonium carbonate to form an alkaline 
solution. Cupferron is added to prec ip i ta te the Pu 
which is ex t rac ted with a w a t e r - i m m i s c i b l e organic 
solvent such as chloroform. 

851 LONG-CHAIN QUATERNARY AMMONIUM SALTS 
IN SOLVENT EXTRACTION OF METAL IONS. 
(SEPARATION AND DETERMINATION.) 
R. Powell . The Analyst ^ 3 , 252-3 (1958). 

A 1% solution of a long-chain qua te rnary ammonium 
nitrate in benzene or chloroform was used to ext rac t 
Pu"*"̂  quanti tat ively. The most successful compound 
was the Rohm and Haas product , Hyamine 1622. Thor
onol was also used as a reagent for quadrivalent Pu . 

85 ; . DECONTAMINATION OF WATER CONTAMINATED 
WITH PLUTONIUM. M. P r e s s m a n , D, C. Lindsten. 
ERDL-1613-RR, Jan , 12, 1960. 

By the use of s tandard p r o c e s s e s of coagulation with 
ferric chloride and l imes tone , disinfection, and diato-
mate fil tration, the Army Mobile Water Puri f icat ion 
unit is capable of removing 72% of the Pu from con
taminated tap water . The percentage can be inc reased 
to 99.9% by using a combination of other r e a g e n t s . 

853 FINAL TREATMENT OF PLUTONIUM AT THE 
END OF THE FONTENAY-AUX-ROSES PILOT 
PLANT. I. P revo t , J . Corpe l , P . Regnaut. In 
P r o c . 2nd Intern. Conf. Peaceful Uses Atomic 
Energy, Geneva, 1958, JJ?, 96, United Nat ions , 
New York, 1958. 

The method consis ts of th ree p a r t s : (1) a new solvent-
extraction scheme to improve decontaminat ion; (2) an 
ion-exchange step; and (3) final precipi ta t ion as the 
tr i f luorides. A theore t ica l study which led to the t r e a t 
ment is d iscussed. 

854. USE OF ION EXCHANGE RESINS FOR THE CON
CENTRATION AND PURIFICATION OF URANIUM. 
I. Prevot , P . Regnaut. Energ ie Nuc lea i re X, 
207-15 (1957). 

During the Geneva Conference, the F rench p r o c e s s for 
the extraction of Pu from i r r ad ia t ed U was desc r ibed . 

855. A HIGH SENSITIVITY SCANNING COULOMETER 
WITH AUTOMATIC BACKGROUND CORRECTION 
AND PROPORTIONAL SCAN RATE TITRATION 
OF PLUTONIUM AND OTHER REDOX SPECIES. 
R. C. P rops t . Anal. Chem. ^ 5 , 958-63 (1963). 

The scanning coulometer is a new e lec t roana ly t ica l in
strument for recording coulomb-potent ial cu rves of 
revers ib le p roce s se s under near ly equi l ibr ium condi
tions. Application of the ins t rument is desc r ibed to the 
direct determination of Pu in i r r ad ia t ed nuc lear fuel at 
the 2- to 5-/ig level with a p rec i s ion of 2 .1%. 

856. EQUILIBRIA AND REACTION RATES IN THE 
DISPROPORTIONATION OF Pu(IV). 
S. W. Rabideau. J . Am. Chem. Soc. 7^, 798 (1953). 

The equi l ibr ium constants and specific ra te constants 
of Pu(IV) were m e a s u r e d as a function of H and Pu con
centrat ion in perch lor ic acid solutions. The equi l ib r ium 
quotient for the disproport ionation react ions was found 
to be direct ly dependent upon 4th power of H ion con
centra t ion, thus supporting the existence of plutonyl ion 

in these reac t ions . A weighted mean value of 0.0089 
was de termined for the Pu(IV) d ispropor t ionat ion-
equi l ibr ium quotient in HCIO4 solutions of unit ionic 
s t rength at 25°C. 

857. THERMODYNAMIC FUNCTIONS AND FORMAL 
POTENTIALS OF THE PLUTONIUM(V)-(VI) 
COUPLE. S. W. Rabideau. J . Am. Chem. Soc. J78, 
2705-7 (1956). 

The formal potentials of Pu couples in IM HCIO4 at 
25°C a r e : 

Pu+' -0.9819 Pu+* -1.1721 FaOt -0.9133 PuO|+ 

I I 1 .0433 

I 1.0228 ' 

858. THE KINETICS OF THE DISPROPORTIONATION 
OF PLUTONIUM(V). S. W. Rabideau. J . A m . 
Chem. Soc. 79, 6350-3 (1957). 

Studies were made in perch lora te solutions of unit ionic 
s t rength, in which P u O j was formed by plutonyl ion r e 
duction with iodide ion. The ra te of d ispropor t ionat ion 
of Pu(V) was found to be direct ly proport ional to the H 
ion concentrat ion, suggesting that the r a t e -de t e rmin ing 
step is probably P u O j + Pu(0) OH++ - PuOj+ + 
Pu(0) 0H+, with a calculated activation energy of 
19.6 kcal . Disproport ionation was a lso studied in 
heavy water with no evidence to support a H atom 
t rans fe r mechanism. Pu(V) was obtained by spontaneous 
alpha reduction of the plutonyl ion. 

859. THE HYDROLYSIS OF PLUTONIUM(IV). 
S. W. Rabideau. J. Am. Chem. Soc. 7^, 3675-7 
(1957). 

The hydrolysis quotient (PuOH+*+)(H+)/(Pu") was de 
te rmined in Li pe rch lo ra t e -pe rch lo r i c acid solution at 
a constant total molar i ty of 2 from m e a s u r e m e n t s of 
the Pu(III)-Pu(IV) formal potential as a function of acid
ity, and the t empe ra tu r e dependence de te rmined . Vi r 
tually identical Pu(III)-Pu(IV) formal potentials were 
obtained when Na perch lora te was substi tuted for Li 
perch lora te as added salt to maintain an ionic s t rength 
of 2. 

860. RECENT ADVANCES IN THE BASIC CHEMISTRY 
OF PLUTONIUM, AMERICIUM, AND CURIUM. 
S. W. Rabideau, L. B. Asprey, T. K. Keenan, 
T, W. Newton. In P r o c . 2nd Intern. Conf. Peaceful 
Uses Atomic Energy, Geneva, 1 9 5 8 , ^ , 361, 
United Nations, New York, 1958. 

The oxidation-reduction potentials of Pu in acid solu
tions were determined, enabling the es t imat ion of 
equil ibrium relat ionships among the aqueous Pu spec ies 
from electromotive force, spec t rophotomet r ic , and 
kinetic data. 

861 ALPHA-PARTICLE OXIDATION AND REDUCTION 
IN AQUEOUS PLUTONIUM SOLUTIONS. 
S. W. Rabideau, M. J . Bradley, H. D. Cowan. 
LAMS-2236, June 1958. 

The ra te of change of mean oxidation number of Pu 
solutions in perchlor ic and hydrochlor ic acid solvents 
was studied. The hydrogen peroxide concentra t ions 
were found to depend on t empe ra tu r e in HCIO, solut ions . 
In hydrochlor ic acid, the hydrogen peroxide and r a t e s of 



decrease of oxidation number a re much lower . F r o m 
chemical and gas analys is , it was concluded that the 
perchlorate ion is reduced to a chloride ion by alpha-
part ic le radiation. 

862. CHLORIDE COMPLEXING AND DISPROPOR
TIONATION OF Pu(lV) IN HYDROCHLORIC ACID. 
S. W. Rabideau, H. D. Cowan. J . Am. Chem. 
S o c . 1 2 , 6145-8 (1955). 

It has been shown from measu remen t s of the formal 
potentials of the Pu"'"'-Pu"'"* couple in HCI-HCIO4 solu
tions that the complex in PuCl̂ "*" is formed. Equil ib-
riunn and rate measuremen t s were made in HCl 
solutions at different t empera tu re s of the react ion 
3Pu+* + 2H20 *-* 2Pu+^ + PuOt^ + 4H+. 

863. KINETICS OF OXIDATION-REDUCTION R E 
ACTIONS OF PLUTONIUM. THE REACTION 
BETWEEN PLUTONIUM(IV) AND TITANIUM(III) 
IN PERCHLORATE SOLUTION. S. W. Rabideau, 
R. J . Kline. J. Phys . Chem._6£, 193-6 (i960). 

The kinetics of the react ions were studied by following 
the rate of disappearance of Pu(lV) spectrophotomet
rically at 4695A''. The effect of chloride ion on ra te 
was negligible. The thermodynannic quantities were 
calculated to be AF ^ 15.0 ± 0.1 kca l /mol ; AH = 
16.7 ± 0.72 kca l /mole , and AS = ±5.9 ± 2 e.u. 

864. THE KINETICS OF THE REACTION BETWEEN 
PLUTONIUM(IV) AND VANADIUM(lII) IN PER
CHLORATE SOLUTION. S. W. Rabideau, 
R. J . Kline. J . Inorg. Nucl. Chem. 14^, 91-7 (i960). 

The reaction ra te was found to be f irs t o rder with r e 
spect to each of the reac tants and inversely proport ional 
both to the first power and second power of the H ion 
concentration. The ra te of reduction was unaffected by 
the added chloride ion. 

865. THE POTENTIAL OF THE Pu(lIl)-Pu(lV) COUPLE 
AND THE EQUILIBRIUM CONSTANTS FOR SOME 
COMPLEX IONS OF Pu(lV). S. W. Rabideau, 
J . F . Lemons, J. Am. Chem. Soc. H , 2895 (1951). 

The formal potentials of Pu(lII)-Pu(lV) versus H -̂H"*" 
couple in HCIO4 and HCl were found to be -0.9821 and 
-0.9703 ± 0.005 volts, respect ively . A value of 3.1 x 
10'^ was obtained for the hydrolysis constant of Pu(lV) 
at Z5°C. The dissociation constants of Pu(lV) sulfate 
and Pu(lV) ni trate was obtained fronn the shift of cel l 
potential to more positive values with the addition of 
the complexing agents . 

866. OXYGEN EXCHANGE REACTIONS OF PLUTO
NIUM IONS IN SOLUTION, S. W. Rabideau, 
B. J . Mas te r s . J . Phys . Chem. _67, 318-23 (1963). 

An accelerat ion in the ra te of exchange of solvent water 
oxygen with that of plutonyl ion is observed with lower 
valence states of Pu present . The upper l imit of the 
specific rate constant for the PuO;-H2O react ion was 
established to be 6.4 x 10'^ sec in M HCIO4 at 23''C. 
The fluoride ion can labilize the plutonyl oxygen with 
respect to exchange. 

867. DISSOLUTION OF HIGH-DENSITY UOB, P U O J 
AND PUO2/UO2 PELLETS IN INORGANIC ACIDS. 
A, L. Ur i a r t e , R. H. Rainey. T r a n s . Am. Nucl. 
Soc. 6. 410-11 (Nov 1963). 

Rates of dissolution of var ious oxides of Pu and U in 
ni t r ic acid and ni t r ic acid containing 0.05M HF are 
given. The ra te of dissolution of PuOj in 14M HNO3 + 
O.IM HF is 1.5 mg/min /cm^ . 

868. THE MECHANISM OF CARRYING Pu(lll) ON 
LANTHANUM FLUORIDE. D. L. Ralphs . 
HW-24115, April 15, 1952. 

Pu separat ion fronn aqueous solution by precipi tat ion 
with La fluoride, is d i scussed . 

869. A COMPARISON OF ARSENIOUS OXIDE AND 
PLUTONIUM FOR THE STANDARDIZATION OF 
CERIC SULFATE. P . F , Raney. HW-74555, 
Aug. 6, 1962. 

The re su l t s show that the Pu method has a significantly 
l a rge r s tandard deviation than the As oxide method. 
Poss ib le explanations of the i r r egu l a r Pu re su l t s a re 
given. 

870. THE USE OF COINCIDENCE COUNTING TECH
NIQUES FOR ANALYZING LOW LEVEL PLUTO
NIUM CONTAMINATION OF FILTERS. 
M. O. Rankin. HW-75092, Nov. 15, 1962. 

An a i r filter measurennent ins t rument , which uses 
coincidence-counting techniques, was developed to de
tect 1850 dpm of Pu in l e s s than 2 nninutes in the p r e s 
ence of 5000 dpm of natural Rn and thoron alpha activity. 
With this method, it is not neces sa ry to wait for the 
natural alpha emi t t e r s to decay. 

871. PYROHYDROLYTIC DETERMINATION OF FLUO
RIDE IN MILLIGRAM QUANTITIES OF PLUTO
NIUM FLUORIDES. G. S. Rao, M. S. Subramanian. 
Talanta _9, 947-8 (1962). 

The pyrohydrolytic determinat ion of fluoride using 
nnoist a i r is de termined with a p rec i s ion and accuracy 
of about 1% on the milligrann sca le . 

872. THERMAL DECOMPOSITION OF PLUTONIUM 
OXALATES. G. S. Rao, M. S. Subramanian, 
G. A. Welch, J. Inorg. Nucl. Chem. 25, 1293-5 
(1963). 

Pu(lll) oxalate precipi ta ted from aqueous solution was 
found to c rys ta l l ize with 10 molecules of wa te r , and 
not 9 molecules as has been previously noted. On 
heating on the thermobalance in a i r , hydra tes contain
ing 9, 2, and 1 molecules of water of crys ta l l iza t ion 
were obtained, while in an Ar a tmosphere , the anhy
drous oxalate was also fornned. 

873. ANALYSIS OF RADIATIONS FROM SPENT FUEL 
ELEMENTS USING A BENT-CRYSTAL SPECTRO
GRAPH. N. C. Rasmussen , M. D. Cohan. T rans , 
Am. Nucl. S o c . l , 24 (June 1962). 

Determinat ion of Pu in i r rad ia ted fuel e lements by 
gamma-exci ted X-ray spec t ra is descr ibed . 



874. EXTRACTION OF PLUTONIUM. P . Regnaut. 
Energ ie Nuc lea i re J., 196-206 (1957). 

After a brief survey of the formation of Pu in p i l e s , the 
difficulties of extract ing it from i r r ad ia t ed U b a r s a r e 
reviewed. The different p r o c e s s e s studied or used for 
the extract ion a r e examined, and the advantages and 
inconveniences of each a r e indicated. 

875. PYROPROCESSING FOR NUCLEAR FUELS. 

R. C. Reid, J . E . Vivian, D. Duffey. NucleonicsX4, 
No. 2, 22-5 (1956). 

The advantages of pyroprocess ing over conventional 
aqueous process ing are d i scussed , and a suggested 
process ing sys tem is desc r ibed . Pu can be ex t rac ted 
from i r rad ia ted U with molten Ag. 

876. SIMULTANEOUSLY DETERMINING Pu AND U 
IN DISSOLVER SAMPLES. W. J . Maeck, M. T. 
Laug, M. E. Kussy, T. D. Morgan, J . E. Rein. 
Nucleonics 20, No. 5, 80; 82-4 (May 1962). 

A rapid method for s imultaneous separa t ion of U and 
Pu based on a batch l iquid-liquid ext ract ion sy s t em is 
described to show that the e lements may be de te rmined 
simultaneously by mult iple-f i lament m a s s - s p e c t r o m e t r y 
in which ions measu red a r e s ingly-charged metal ions. 

877 SELECTED BIBLIOGRAPHY ON ANALYSIS OF 
CERTAIN RADIOACTIVE ELEMENTS IN BIO
LOGICAL MATERIALS. D. Revinson. NYO-4702, 
Dec. 7, 1956, 

The ma te r i a l s cons idered are Pu, Po , Ra, Rn, Th, U, 
fission products , I, Sr , and T. 

878 SPECIAL RADIOISOTOPE METHODS. SECTION II. 
S. A. Reynolds. C F - 4 8 - 1 0 - 2 1 9 , Sept. 20, 1948. 

Methods for Ba, Sr , Ce, C s , Nb and the La group Y, 
Pu, Am, Cm, the r a r e e a r t h s , and Zr a r e given. 

879. LARGE ISOTOPE SHIFTS IN THE PLUTONIUM 
SPECTRUM AND THEIR SUITABILITY FOR 
ISOTOPE ANALYSIS. E . W. T. R i c h a r d s , 
A. Ridgely. AERE-R-3576 , Dec 1960. 

The Pu spec t rum was photographed in the region 2950-
5750A. It was found that the abundance of la rge shifts 
increased sharply with increas ing wavelength. Two 
lists of lines suitable for isotope analysis were p repa red : 
one below 5000A, and the other above, 

880 FISSION CROSS-SECTIONS AS A FUNCTION OF 
NEUTRON ENERGY. U. PLUTONIUM-239 AND 
PLUTONIUM-241. R. Richmond, B. T. P r i c e . 
J . Nucl. Energy i. , 177-86 (March 1956). 

The measu remen t s cover the neutron energy range of 
0.007 to 700 eV. The fission c r o s s - s e c t i o n of a mixture 
containing P u " ' has been compared with the fission 
c ros s - sec t ion of P u ^ " over the neutron energy range 
0.04-0.4 eV, and with the (u, a) c r o s s - s e c t i o n of B 
over the range 0.2-70 eV. 

881. ANALYTICAL CONTROL METHODS FOR PUREX. 
B. F . R ider , R. M. Nolin. KAPL-572 (Del.) 
Apri l 27, 1951. 

The methods used at KAPL for the analytical control of 
the P u r e x P r o c e s s a r e p resen ted as s t ep-by-s tep 
p r o c e d u r e s . 

882. PLUTONIUM DATA MANUAL. E . L . F r a n c i s . 
IGR-161 (RDR). June 1, 1959. 

The physical , mechanical , and chemical p rope r t i e s of 
Pu and some of i ts alloys a re compiled. 

883. PROCESS FOR THE RECOVERY OF P L U T O 
NIUM. D. M. Ri t t e r . U .S . Pa t . 2,866,619. 

This is a suggested improvement in the recovery p r o 
c e s s . The c a r r i e r prec ip i ta te is d issolved, Pu is 
oxidized to the hexavalent s ta te , and a La fluoride p r e 
cipitation is made. The fluoride ions a re then com
plexed with a bora te , and the Pu is then reduced and 
precipi ta ted with bismuth phosphate. 

884 REDUCTION IN Pu RECOVERY PROCESSES. 
D. M. Ri t te r , R. P . S. Black. U. S. Pa t . 2,906,597, 
Sept. 29, 1959. 

Oxalate ions a r e incorporated in the hexavalent Pu 
containing solutions p r io r to a s tep for precipi ta t ing La 
fluoride in the solution. 

885. SEQUENTIAL SEPARATION OF SOME ACTINIDE 
ELEMENTS BY ANION EXCHANGE. F . P . R o b e r t s , 
F . P . Braue r . HW-60552, June 1, 1959. 

Two methods a r e presen ted for the sequential s e p a r a 
tion of the actinide e lements . The f irst method sep
a r a t e s Am, Pu, and Np. These e lements a r e 
sequentially eluted from columns of Dowex 1 r e s in in 
that o rder by 8M HNOj, 0.02M fer rous sulfamate in 
4.5M HNO], and O.OOIM cer ic sulfate in 0.75M HNO,. 
In the second method. Am, Th, Pu, and Np are sequen
tially eluted from columns of Dowex 1 res in in that 
o rde r by 6M HNOj, 12M HCl, 12M HCl + O.IM NH4I, 
and 4M HCl. Pa and U follow Am in both methods . 

886 A METHOD FOR CLEANING AQUEOUS SOLU
TIONS IN THE PLUTONIUM PURIFICATION AND 
RECOVERY PROCESSES FROM ORGANIC MAT
TER, BY TREATMENT WITH BENZENE IN A 
PACKED COLUMN, F . Rober t s , W. D. J o n e s . 
RDB(W)-TN-21, March 18, 1952. 

887. RECENT DEVELOPMENTS AND CURRENT 
PROBLEMS IN INORGANIC ANALYTICAL CHEM
ISTRY. C. J . Rodden. Anal. C h e m . ^ , 1940-5 
(Dec 1959). 

The analysis of nuclear m a t e r i a l s is divided into major 
and minor const i tuents . Under major const i tuents a r e 
nuclear ma te r i a l s such as U, Th, and Pu, and alloys of 
these e lements . The determinat ion of minor const i tuents 
in fuels and modera to r s a r e cons idered under two cat 
egor ies - those consti tuents that a r e undes i rab le due to 
neutron absorption, and those that affect meta l lu rg ica l 
p r o p e r t i e s . 

888. POTENTIOMETRIC DETERMINATION OF PLU
TONIUM. C . J . Rodden. In NBL-1 56, Semiannual 
P r o g r e s s Report for the Pe r iod January 1959 
through June 1959. Oct 1959. 

Topics covered in this r epor t include: a potent iometr ic 
de terminat ion of Pu using Bureau of Standards po ta s 
sium dichromate ; separa t ion of Hg quanti t ies of Pu f rom 
labora tory was te ; th ree methods for p repar ing BE, for 
m a s s spec t romete r analys is . 



889. GRAVIMETRIC DETERMINATION OF PLUTO- • 
NIUM. C. J . Rodden. In NBL-165, Semiannual 
P r o g r e s s Report for the Per iod January I960 
through June I960. Jan 1961. 

The behavior of Pu sulfate t e t rahydra te , which has 
been proposed as a p r imary s tandard, is considered. 
A rapid method for sulfate in Pu solutions is given, 
where Pu is absorbed on a cation res in , and an acid-
imetr ic t i t rat ion is made of the displaced H ion, 
which is equivalent to the sulfate content of the sample . 

890. SURFACE DOSE FROM PLUTONIUM. 
W. C. Roesch. In P r o c . 2nd Intern. Conf. Peaceful 
Uses Atomic Energy, Geneva, 1958, 23, 339, 
United Nations, New York, 1958. 

A theoret ical study was made of the dose ra te to be ex
pected at the surface of a ma te r i a l of a high atomic 
number that is emitting gamma r a y s . 

891. FEASIBILITY OF IN VIVO PLUTONIUM MEA-
SUREMENTS. W. C. Roesch, J . W. Baum. 
HW-43370 (Del.), May 14, 1956. 

It was shown that the detector proposed for the body 
monitor would detect 0.02 mic rocur i e of Pu in the 
chest cavity. 

892. DETECTION OF PLUTONIUM IN WOUNDS. 
W. C. Roesch, J . W. Baum. In P r o c . 2nd Intern . 
Conf. Peaceful Uses Atomic Energy, Geneva, 
1958,11, 142, United Nations, New York, 1958. 

About 4% of the dis integrat ions of Pu a r e followed by 
emission of X- rays of about 17 keV. Thin Ral c rys t a l s 
are very efficient detectors of these rays (0.25 mm 
gives 95%) and have low backgrounds. 

893. DETECTION OF PLUTONIUM IN_VIVO BY 
WHOLE BODY COUNTING. W. C. Roesch, 
H. E. P a l m e r . HW-SA-2653, June 26, 1962. 

This paper concerns Pu detected within depths of the 
body by counting X and gamma rays emitted fronn Pu 
and its daughter products . Propor t ional counters and 
thin crysta l scintillation counters were employed. 

894. ON THE EXISTENCE OF ELECTRONIC BANDS 
IN THE INFRARED SPECTRUM OF URANIUM(III) 
AND (IV); THEIR RELATION TO THE SPECTRUM 
OF PLUTONIUM. R, Rohmer , R. F reyman , 
A. Chenet, P . Rohmer . Compt. rend. 231, 347 
(1950). 

A table is given of the electronic bands in the near 
infrared spect rum of aqueous and organic solutions of 
some U sa l t s . In view of the findings for U(Vl), it is 
probable that the findings at tr ibuted to Pu(Vl) should 
be r e -ex 

896. CHEMISTRY OF THE NUCLEAR REACTOR. 
Chim. Ind. (Milan) 16 , 454-63 

The production of U, the ma te r i a l s 
, the decontannination and recovery 
and the chemical separa t ion of Pu 

895. PROCESS ENGINEERING PROBLEMS IN THE 
HANFORD SEPARATION PLANT. C. A. Rohr-
mann. Mech. Eng. 79, 634-8 (1957). 

This paper descr ibes s tandard p roce s se s for the sep
aration of U, Pu, and fission products , including active 
waste t rea tment and disposal . The ennphasis is on 
chemical engineering prob lems . 

M. A. Rol l ier . 
(1954). 

This is an a d d r e s s , 
used for re f lec tors , 
of fission products , 
a r e d i scussed . 

897. SEPARATION OF PLUTONIUM FROM URANIUM 
BY EXTRACTION WITH SOLVENTS. 
M. A. Rol l ier , Gazz. Chim. Ital . 14- 649-57 (1954). 

Pu presen t in the exhausted b a r s of U from a nuclear 
r eac to r can be recovered by double ext rac t ion with 
EtaO. 

898. ALPHA ENERGY MEASUREMENTS OF Pu^" 
CONTAINED IN DEPLETED U AFTER IRRADIA
TION IN A SUBCRITICAL ASSEMBLY. 
M. A. Rol l ier , V. Maxia, S. Meloni. Chim. Ind. 
(Milan), 44, 1121-6 (1962). 

In the case of impover ished spec imens , the alpha pa r 
t ic les peak at 4.77 meV is great ly reduced, and the 
maximum at 4.58 meV is no longer dis t inguishable. 
The samples were p repared for counting by both evap
orat ion and electrolyt ic deposition. 

899. EXPERIMENTAL ATOMIC SCATTERING FAC
TORS AND ANOMALOUS DISPERSION CORREC
TIONS FOR Th, U, AND Pu. R. B. Roof, J r . 
Acta Crys t . j j j 934-40 (1961). 

Exper imenta l atomic scat ter ing factors were de ter 
mined for Th, U, and Pu with MoK^,, CrK^j^, FeK^, and 
CrKa,X radia t ions . 

900. NUCLEAR MATERIALS CONTROL SYSTEM 
(NMCS). PHASE n. CONTINUOUS MONITORS 
FOR URANIUM AND PLUTONIUM IN A CHEM
ICAL PROCESSING PLANT. E. R. Rosal , W. E. 
Fos t e r , C. C. Thomas , J r . , H. Ginsburg. WCAP-
6031, Dec. 1, 1959-

901. ANALYSIS OF Pu(lV) POLYMER FOR CHLORIDE 
IONS. D. G. Rose . CN-2807, April 23, 1945. 

Exper iments were perfornned on the prec ip i ta te resu l t 
ing from the addition of KOH to Pu"*"* polymer for 
chloride ions. The prec ip i ta te washes were also ex
annined for chloride ions. It was concluded that the 
polymer did not include chloride ions; that the chloride 
was brought down during the precipi ta t ion, and was at 
best on the surface of the polymer p a r t i c l e s . 

902. PROGRESS REPORT: PLUTONIUM REMOVAL, 
TUMOR INCIDENCE STUDIES. PART II. 
M. W. Rosenthal , J . F , F r i e d , A. Lindenbaunn, 
J. Schubert . In ANL-6464, Biological and Medical 
Division Semiannual Report January through 
June 1961, November 1961, pp. 82-84. 

Resul ts a re repor ted fronn studies on the effectiveness 
of t rea tment with diethlenetranninepentaacetic acid on 
nnortality and tumor incidence in Pu- in jec ted mice . 



903. KINETICS OF BODY DISTRIBUTION OF PLU -
TONIUM AS INFLUENCED BY ZIRCONIUM. 
M. W. Rosenthal , J . Schubert . Radiation R e s e a r c h 

b,, 349-51 (1957), 
It is stated that injection of Zr salts i nc reases excre t ion 
and dec r ea se s skeleton deposition of injected Pu and 
other rad ioe lements in an imals . This appears to be due 
to the Zr exerting a c a r r i e r action. The rad ioe lement 
combines with colloidal Zr in the blood by absorpt ion, 
ion exchange, or coprecipi tat ion, and the subsequent 
distribution and excret ion pat tern of the combined ma
ter ia ls is p r imar i ly that of Z r , It is concluded that a 
single small injection of Zr a lmost immedia te ly p r e 
vents any further t r ans fe r of Pu f rom the blood to the 
skeleton. 

904. AN EVALUATION OF DATA ON NUCLEAR CAR-
BIDES, F , A. Rough, W. Chubb. BMI-1441, 
May 31, 1960. 

Data on p rope r t i e s , consti tution, compatibi l i ty, r ad ia 
tion behavior, fabrication, p repara t ion and s torage of 
U, Th, and Pu carbides a re reviewed. 

905. NEW METHOD OF ANALYSIS BY X-RAY FLUO
RESCENCE, APPLICABLE TO SMALL SAMPLES. 
H. Roulet, J . Despujols. Compt. rend. 253, 641 
(1961). 

A sample is i r r ad ia ted by near ly monochromat ic X- ray 
beam with a wavelength somewhat shor te r (Xi) or longer 
(X2) than the absorption discontinuity of the e lement 
sought. The secondary radiat ion s t r i ke s the window of 
a Geiger counter . If Ii and Ij a r e the number of i m 
pulses corresponding to X, and X;, than I j -ml j is a m e a 
sure of the f luorescent radiat ion of the e lement sought. 
The constant is de termined exper imenta l ly . 

906. DISTRIBUTION OF PLUTONIUM IN SOLVENT 
EXTRACTION BY TRIBUTYLPHOSPHATE. 
A. M. Rozen, E . I. Moiseenko. Zhur . Neorg. 
K h i m . l , 1209-14 (May 1959). 

Distribution coefficients of Pu(lV) and Pu(VI) during 
solvent extract ion by 20% TBP in kerosene were m e a 
sured with varying acid and U concen t ra t ions . 

907. SOME EXPERIMENTS WITH IMPORTANT 
FISSION PRODUCTS. G. Ruds tam. Atompraxis .6, 
124-8 (1960). 

Dibutyl carbi tol , EtzO, and BUJPO4 were used to s e p 
arate U and Pu from fission products in HNOj solu
tions containing a salting agent, such as NH4NOJ, 
Mg(NOj)j, NaNOj, or Ca.(NOi)^. 

908. SEPARATING TRANSPLUTONIUM ISOTOPES 
FROM IRRADIATED PLUTONIUM. W . R u e h l e . J r . 
Nucleonics 12, No. U , 84-5 (Nov 1954). 

A dry box in a modified cave was equipped with appa
ratus neces sa ry for separa t ing the t ransp lu tonium 
isotopes from i r r ad i a t ed Pu . Shielding and p rocess ing 
equipment a r e desc r ibed , 

909. THE QUANTITATIVE DETERMINATION OF P L U -
TONIUM IN BIOLOGICAL MATERLALS. PART i n . 
THE ANALYSIS OF TISSUES. E. R. Russe l l . 
N-1536pn, June 12, 1946. 

Several methods a r e desc r ibed for ashing of the t i s sues 
p repa ra to ry to ext rac t ion of the Pu by solvent ext rac t ion 

p r o c e d u r e s such as cupferron-chloroform, hexone, and 
TTA. All methods descr ibed , with the exception of the 
TTA method, a r e dependent upon a final precipi tat ion of 
Pu by Ca fluoride, 

910. ADSORPTION-BISMUTH PHOSPHATE METHOD 
FOR SEPARATION OF PLUTONIUM. E. R. Rus 
se l l , A. W. Adamson, G, E. Boyd. U. S. Pa t . 
2,942,937, June 28, I960. 

A p rocess is presented for separat ing Pu from U and 
fission products . Pu and U are absorbed by a cat ion-
exchange res in , Pu is eluted from the adsorbent , and 
then after oxidation to the hexavalent s ta te , the Pu is 
contacted with a Bi phosphate c a r r i e r prec ip i ta te . 

911. PROCESS OF REMOVING PLUTONIUM VALUES 
FROM SOLUTION WITH GROUP IV-B METAL 
PHOSPHO-SILICATE COMPOSITIONS. 
E. R. Russel l , A, W. Adamson, J . Schubert , 
G. E. Boyd. U. S. Pat . 2,611,416, Oct. 29, 1957. 

These values can be removed from an aqueous solution 
by taking an aqueous solution containing a salt of Z r , 
Ti, Hf, or Th, adding an aqueous solution of s i l icate and 
phosphoric acid anions to the me ta l - s a l t solution, and 
separa t ing, washing, and drying the prec ip i ta te that 
forms when the two solutions a r e mixed. 

912. THE QUANTITATIVE DETERMINATION OF 
PLUTONIUM IN BIOLOGICAL MATERIALS. 
PART II. ANALYSIS OF STOOLS. E. R. Russe l l , 
C. Brown. AECD-4070, June 13, 1946. 

Methods a re descr ibed for determining Pu excret ion 
r a t e s . The most consistent r e su l t s were obtained in the 
TTA and Bi phosphate p rocedu re s . 

913. DISTRIBUTION AND EXCRETION OF PLUTO
NIUM. E, R. Russe l l , J . J . Nickson. National 
Nuclear Energy Se r i e s , Div. IV, Vol. 20, Indus
t r i a l Medicine on the Plutonium Pro jec t , 256-263, 
McGraw-Hill Book Company, Inc. , New York, 1951. 

F r o m studies on five pe r sons accidentally exposed to 
Pu, a u r inary excret ion and fecal ra te were de te rmined . 
Pr inc ipa l s i tes of Pu deposition were de te rmined . 

914. CHEMISTRY OF PLUTONIUM IN ANION EX-
CHANGE APPLICATIONS. J . L . R y a n . In TID-
7607, Plutonium Ion Exchange P r o c e s s e s . 
Proceedings of the US-UK Technical Exchange 
Meeting, Oak Ridge National Labora tory , 
April 25-27, 1960, pp. 2-20. 

The effects of t e m p e r a t u r e , solution concentrat ion, and 
U concentrat ions on the dis t r ibut ion coefficient of Pu 
between Dowex 1 x 4 and Ca(NOj)^ and HNOj solutions 
a re shown graphical ly . The desorpt ion r a t e s with 
dilute HNOj solutions a re also shown. 

915. SPECIES INVOLVED IN THE ANION-EXCHANGE 
ABSORPTION OF QUADRIVALENT ACTINIDE 
NITRATES, J . L. Ryan. J . Phys . Chem. bA_, 
1375-85 (1960). 

The species absorbing from ni t r ic acid were Pu(NOj)^ , 
Np(NOJ)"^ and Th(NOj); ' . The p re sence of max ima in 
exchange dis t r ibut ions a r e a t t r ibuted to format ion of 
HM(NOj): and HiM(NOj)j at high acidity. 
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916. CONCENTRATION AND FINAL PURIFICATION 
OF NEPTUNIUM BY ANION EXCHANGE. 
J . L. Ryan. HW-59193 (Rev.), Sept. 3, 1959. 

A method is given for the final purification of Np from 
Pu U, and fission products , Th, and metal l ic inn-
pur i t ies . Np(lV) is absorbed on anion-exchange res ins 
from 6M HNO3 containing fe r rous sulfamate and hy
drazine. A choice of res in is given, along with elution 
techniques, 

917. ANION EXCHANGE AND NONAQUEOUS STUDIES 
OF THE ANIONIC NITRATE COMPLEXES OF THE 
HEXAVALENT ACTINIDES. J . L. Ryan. J . Phys . 
Chem. 1 5 , 1099-1107 (1961). 

Spectrophotometric studies were used to identify the 
species of hexavalent actinides that are absorbed by 
anion-exchange res ins from ni t ra te solutions. The 
anion-exchange res ins were found to absorb predonn-
inantly M02(N03)"^, The fornnation constant in n i t ro -
methane is 4.7 + 0.2. 

918. RECOVERY AND PURIFICATION OF PLUTO
NIUM BY ANION EXCHANGE. J . L. Ryan, 
E. J. Wheelwright. Ind. Eng. Chem. H , 60-5 (1959). 

Plutonium can be absorbed fronn 7M HNO3 on severa l 
commercial ly available anion-exchange r e s i n s . The 
degree of separation depends on the extent of the wash
ing cycle with 7M HNO3. Separation factors for U and 
fission products as high as 3 x 107 have been obtained 
in two cycles . Several res ins show adequate r e s i s t ance 
to chemical and radiation damage, 

919. APPLICATION OF ANION EXCHANGE TO THE 
REPROCESSING OF PLUTONIUM. J . L. Ryan, 
E, J . Wheelwright. In P r o c . 2nd Intern. Conf. 
Peaceful Uses Atomic Energy, Geneva, 1958, 17. 
137, United Nations, New York, 1958. 

It has been demonstrated that Pu(lV) can be absorbed 
from nitr ic acid solution by anion-exchange r e s i n s . By 
operating at an elevated t empera tu re (50 to 60^0), and 
by proper choice of anion-exchange r e s i n s , the sep
aration of Pu from i r radia ted U is made efficient. 

920. SEPARATION OF METAL ACETYLACTONATES. 
J . Rydberg. Arkiv Kemi_9, 95-103 (1955). 

The possibility of separat ing metals by extracting some 
of them as acetylacetonates from aqueous NaC104 
solutions into chlorofornn, benzene, or nnethyl isobutyl 
ketone is discussed in the light of recent information 
about the complex formation between nnetals and 
acetylacetone. 

921. TWO METHODS FOR THE ISOLATION OF 
TRACER AMOUNTS OF PLUTONIUM. J. Rydberg. 
Acta Chem. Scand. _9, No. 8, 1252-60 (1955). 

A modified b i smuth-phospha te -ca r r i e r method and a 
sulfide-precipitation method are outlined for the sep
aration of t race amounts of Pu fronn i r rad ia ted U. 

922. THE REDUCTION OF PLUTONIUM BY TETRA
VALENT URANIUM. J, Rydberg. J . Inorg. Nucl. 
Chem. 1, 79-86 (1958). 

The conditions for using U(IV) as a reducing agent for 
Pu in HNO3 and other solutions have been investigated. 

It is shown that U(IV) quantitatively reduces Pu to 
Pu(ni) within 5 min in IM HNO3. This fact has been 
used in liquid-liquid ext rac t ions for separa t ing Pu 
from U. 

923. STUDIES ON THE EXTRACTION OF METAL 
COMPLEXES. XXVII. THE DISTRIBUTION OF 
SOME ACTINIDES AND FISSION PRODUCTS BE
TWEEN METHYL ISOBUTYL KETONE AND 
AQUEOUS SOLUTIONS OF HNO3 AND Ca(N03)2. 
J . Rydberg, B. B e r n s t r o m . Acta Chem. Scand. I J , 
No. 1, 86-97 (1957). 

Distr ibution ra t ios of U(VI), Pu(VI), Pu(lV), Th(lV), 
La(lII), Ca(ll), and Na are given for sy s t em ni t r ic acid, 
ca lc ium n i t ra te , and hexone. Applications to the sep
arat ion of U and Pu a r e given. 

924. COMBINATION OF UNIT PROCESSES FOR ISO
LATING PLUTONIUM. J . Rydberg, L. G. Sillen. 
Acta Chem. Scand. _9, No. 8, 1241-51 (1955). 

The unit p r o c e s s e s , reduct ion-oxidat ion, and s epa ra 
tion that have been connpiled fronn var ious labora tory 
and indust r ia l methods used for the separa t ion of Pu 
from i r rad ia ted U a re d i scussed . 

925. SPECTRAL ANALYSIS BY THE EVAPORATION 
METHOD-V. ANALYSIS OF PLUTONIUM BY 
THE METHOD OF EVAPORATION IN VACUUM. 
A. N. Saidel, N. I. Kali teievsky, L, V. Lipis , 
V. M. Tarakanov. Optika i Spectroskopiya 1 , 
No. 1, 16 (1957). 

926. ION-EXCHANGE SEPARATION OF URANIUM, 
PLUTONIUM, THORIUM, AND NEPTUNIUM. 
N. Saito, T. Sekine, Dai-1-kai Genshiryoku 
Symposium Habunshu 1957, 506-9 (1957). 

U, Pu, Th, and Np in HCl a re separa ted by the use of 
an anion-exchange res in . When a HCl solution contain
ing these e lements is passed through the anion-
exchanger column (Dowex-1, x-8) , Th is found in the 
eluate, while U, Np, and Pu a r e eluted from the column 
with N HCl. SOj is passed through the effluent to reduce 
Pu and Np to Pu(lII) and Np(lV), respec t ive ly . The 
solution is strongly acidified again with HCl (9N} and 
passed through the same column. Pu(lll) is then found 
in the eluate. After Np(lV) is eluted fronn the colunnn 
with 6N HCl, U is eluted with NHCl. 

927. ELECTRODEPOSITION OF SMALL AMOUNTS OF 
URANIUM, NEPTUNIUM, AND PLUTONIUM. 
A. G. Samar t seva . In AEC- t r -4497 , Transact ions 
of the AU-Union Scientific Technical Conference 
on the Use of Radioactive and Stable Isotopes and 
Radiations in the National Economy and in Science, 
April 4-12, 1957. Isotopes and Radiation in Chem
is t ry , 1958, pp. 400-410. 

A method was developed for the quantitative e l ec t ro 
deposition of Th, U, Pu, and Am from solutions of HNO3, 
H2SO4, HCl, HCIO4, and H2C204, at lOM hydrogen ion 
concentration in the e lec t ro ly tes . 



928. SEPARATION OF TRACES OF URANIUM N E P -
TUNIUM, PLUTONIUM AND AMERICIUM BY 
ELECTROLYSIS. A. G. Samar tseva . Atomnaya 
Energ . 8, 324-9 (I960). 

An electrolyt ic method is suggested for separa t ing U, 
Np Pu, and Am from acid solutions. The yield is in
dependent of anion concentration but dependent on pH. 
The influence of Fe is el iminated by adding oxala te . 

929 THE ADSORPTION OF QUADRIVALENT PLUTO -
' NIUM ON POLISHED PLATINUM SURFACE. 

A. G. Samar tseva . Radiokhimiya 1(5), 526-31 
(1962). 

In the adsorption of Pu(IV) from ni t ra te solutions con
taining 4.1 X lO-'M P u " ' , on polished Pt , the t ime 
needed to reach equi l ibr ium was I , 2 - 3 , and 5-6 hr at 
pH 1,3, 2.1-2.7, and 7-8, respect ive ly , 

930 PRELIMINARY WORKING PROGRAM FOR THE 
' DEVELOPMENT OF ANALYTICAL METHODS 

FOR THE EUROCHEMIC REPROCESSING PLANT, 
1958. TECHNICAL REPORT 6. K. Samsahl . 
NP-7663, May 16, 1958. 

This report desc r ibes ins t rumentat ion and the de t e r 
mination of Pu in i r rad ia ted fuels. Pu is suggested to 
be determined by the LaF , method, the TTA extract ion 
method of direct a-counting. 

931. DETERMINATION OF PLUTONIUM IN URINE. 
S. M. Sanders , J r . DP-146 , March 1956. 

The procedure includes two bismuth phosphate c o p r e 
cipitations, two lanthanum fluoride coprec ip i ta t ions , a 
TTA solvent extract ion, and e lect rodeposi t ion, and a 
radioautographic determinat ion. 

932. A NEW PROCEDURE FOR PLUTONIUM URINAL
YSIS. S. M. Sanders , J r . , S. C. Leidt . Health 
P h y s i c s ^ , 189-97 (Oct 1961). 

In this method, anion exchange is used to sepa ra t e Pu 
from other inorganic ions remaining after evaporat ion 
and oxidation of the u r ine . The quantity of Pu is then 
determined by counting a t r acks in an autoradiograph 
of the metal disk upon which the Pu has been 
electrodeposited, 

933. ELECTROCHROMATOGRAPHIC SEQUENCES. 
T. R. Sato, W. P . N o r r i s , H. H. Stra in . Anal. 
Chem 26, 267-71 (1954). 

Solutions of mixtures were added to the cen te r of 30 x 
15-cm paper and 5-13 v / c m applied. In O.IM I, U " ' , 
Pu^^', and Th^'" separa ted in said sequence . 

934. RAPID METHOD FOR THE DETERMINATION OF 
PLUTONIUM IN RADIOACTIVE E F F L U E N T S . 
J . Scheidhauer. Chim. Anal. ii_, 462-4 (1961). 

Pu was separated from other active const i tuents by co
precipitation with L a F j , subsequent reduction to Pu(IV) 
and extraction with 2-thenoyl t r i f luoroacetone in xylene; 
the organic ex t rac t was evaporated to d ryness and ashed 
before final de te rmina t ion of the a activity with a sc in
tillation counter . 

935. RAPID DETERMINATION OF PLUTONIUM IN 
RADIOACTIVE EFFLUENTS. J . Scheidhauer, 
L. Messa ingui ra l . Chim. Anal. 43, 462-4 (1961). 

The p r o c e s s s t r eam to be analyzed has a low a-ac t iv i ty 
but high dissolved sal ts content. Pu is oxidized by 
KjCr^O, to Pu*+, the HF precipi ta te is removed, Pu*"*" 
is reduced to Pu^^ with NHjOH, and PuF j is coprec ip 
itated with LaF j . After dissolution in NHNOj, Pu^*^ is 
extracted into xylene with thenoyltr if luoroacetone. The 
Pu is extracted back into H2O, the solution is evaporated, 
and the Pu activity is counted, 

936. PLUTONIUM - ITS CHEMICAL AND PHYSICAL 
PROPERTIES. A. Schiffers. Chemiker Z . W , 
656-70 (1962). 

Topics d iscussed are the prepara t ion and occur rence 
of the metal , isotopes and al loys, chemical p rope r t i e s , 
and analytical chemis t ry . Pr inc ipa l compounds and 
thei r p roper t ies and prepara t ion are tabulated. 

937. SEPARATION METHODS FOR PLUTONIUM. 
A. Schiffer. Chemiker Z. 86, 845-51 (1962). 

The methods and techniques used for the separat ion 
and prepara t ion of Pu are summar ized . 

938. FLUORIDE COMPLEXING OF U(VI) AND Pu(IV) 
IN SOLUTIONS CONTAINING Al(III) AND Zr(IV). 
C. S. Schlea, J . T. Lowe. DP-842. 

The re la t ive amounts of fluoride complexing in solu
tions containing fluoride and the subject cations were 
measu red to provide a method of calculating the con
centra t ions of U(VI) and Pu(IV) fluoride complexes 
over a wide range of solution composi t ions. The in
formation is useful in solvent-extract ion p r o c e s s e s 
that involve the recovery of Pu and U from fluoride 
solutions. 

939. ON THE COPRECIPITATION OF TETRAPOSITIVE 
IONS WITH LANTHANUM FLUORIDE. K.Schly ter , 
L. G. Sillen. Acta Chem. Scand. ±, No. 8, 1323 
(1950). 

X-ray diffraction studies of the prec ip i ta tes from Ce , 
La+3_ and U+^-La"*"' lead to conclusions that Ce * and 
U " are actually contained in the LaF , la t t ice . An ^^ 
analogy - Pu''"' with a radius s imi la r to Ce ' and U 
should act in the same way. 

940. THE REPROCESSING OF IRRADIATED FUELS. 
' P r o g r e s s Report No. 1. J . S c h m e t s . EURAEC-

23, 1960. 
A prototype thermobalance for Pu work was cons t ruc ted 
and tes ted successfully. 

941. DETERMINATION OF AMERICIUM. H . R . S c h m i d t . 

HW-25927, Oct. 15, 1952. 

Am is de termined by oxidizing Pu to the fluoride soluble 
plutonyl state and subsequently precipi tat ing Am t r i 
fluoride with the Ce fluoride c a r r i e r . 

942 MEASUREMENT OF THE NUCLEAR MATERIALS 
CONTENT OF NONPRODUCTION FUELS, 

R. A. Schneider. HW-60533, May 25, 1959. 

P r o b l e m s associa ted with the measuremen t of the nu

c lea r m a t e r i a l s content on nonproduction fuels 



a re discussed. Measurements based on the bulk mea
surement of dissolver solution and on the Pu- to-U 
ratio method accepting the r eco rds of total U a r e 
performed. 

943. ANALYTICAL EXTRACTION OF NEPTUNIUM 
USING TRI-ISO-OCTYLAMINE AND THENOYL
TRIFLUOROACETONE. R. A. Schneider. Anal. 
Chem. 14, 522-5 (1962). 

An analytical solvent-extract ion method for separat ing 
Np from Pu, Am, Cm, U, Th, and fission products 
using TOA and TTA is descr ibed. 

944. ANALYTICAL TECHNICAL MANUAL. 

R. A. Schneider, K. M, Harmon. HW-53368, 
Feb. 1. 1961. 

The text covers alpha counting methods, emiss ion 
spectrographic methods. X- ray absorp t iomet r ic de t e r 
mination of Pu and U, Np methods and extract ion 
methods for Pu and Am; determinat ion of Am^^^ by 
TBP-TTA extraction; and separat ion of Pu by solvent 
extraction with TTA. 

945. STUDIES IN ION EXCHANGE ADSORPTION: 
EQUILIBRIUM WITH Pu(lV), FISSION, AND 
OTHER CATIONS. J . S c h u b e r t . CN-1873, 
Jan. 1, 1945. 

The order of adsorption of severa l cations was studied 
using Amberli te I R - 1 . These studies were also used 
in the detection and study of colloids, and in a study of 
distribution coefficients. 

946. PROGRESS REPORT: RADIOBIOCHEMISTRY. 
J . Schubert. In ANL-4401, Quar ter ly Report . 
November, December 1949 and January 1950, 
Biological and Medical Divisions, pp. 171-173, 

Certain salts were found effective in the removal of Pu 
fronn the body. The ra te of removal in the prevention 
of bone deposition is direct ly proportional to the amount 
of salt administered. Pu is taken up by a nearly i r r e 
versible physical absorption, while Sr is taken up by a 
chemical (ion) exchange. The metabol ism of Pt has 
been found to be unaffected by ei ther sodiunn c i t ra te or 
zirconiunn c i t ra te . 

947. SEPARATION OF PLUTONIUM FROM AQUEOUS 
SOLUTIONS BY ION EXCHANGE. J. Schubert . 
U. S. Pat . 2,837,401, June 3, 1958. 

A process is descr ibed for separat ing Pu from an 
aqueous solution of a Pu salt . The p rocess connprises 
adding to the solution an acid of the group consisting of 
sulfuric acid, phosphoric acid, and oxalic acid, and nnix
tures thereof to provide an acid concentration between 
0.001 and IM, contacting the resul tant solution with a 
synthetic organic anion-exchange res in , and separat ing 
the aqueous phase and the res in which contains the Pu. 

948. RADIOELEMENT REMOVAL BY CHELATING 
AGENTS: APPLICATION OF MASS ACTION 
LAWS AND OTHER FACTORS, J . S c h u b e r t , 
Federat ion P r o c . 10 , Suppl. 10: 219-21 (1961). 

A procedure is descr ibed for testing the effect of 
chelating agents on the rennoval of radioactive metals 
fronn mammals . The effectiveness of DTPA in the 
removal of Pu is d iscussed. 

949. INTERNAL CONTAMINATION AND ITS TREAT
MENT. J . Schubert . In IXth Internat ional Con
g re s s of Radiology, Vol. 2, Georg Thieme Ver lag , 
1961, pp. 1251-7. 

The action of chelating agents in hastening the e l imina
tion of radioelements deposited in the body is desc r ibed . 

950. STUDIES ON Pu(lV) SOLUTIONS IN THE PRES
ENCE AND ABSENCE OF CITRIC ACID. 
J . Schubert , D. Revinson. CH-3578, June 20, 1946. 

The stability of Pu"'"'* and the complex formed with 
c i t r ic acid was studied over a wide pH range . Above a 
pH 2.6, Pu"*"* underwent an abrupt change to a r ad io -
colloidal behaving s ta te . 

951. CONTROL OF HEALTH HAZARDS IN HANDLING 
OF PLUTONIUM: RESULTS OF 14 YEARS EX
PERIENCE. H. F . Schulte, D. D. Meyer . In 
P r o c . 2nd Intern . Conf. Peaceful Uses Atomic 
Energy, Geneva, 1958 ,11 , 206, United Nations, 
New York, 1958. 

The health haza rds involved, both external and internal 
radiat ion, a re outlined and a brief h i s to r i ca l review of 
the Los Alamos experience in developing methods of 
handling Pu safely is p resented . 

952. COULOMETRIC GENERATION AND BACK 
TITRATION OF INTERMEDIATE REAGENTS AT 
CONTROLLED POTENTIAL - APPLICATION TO 
DETERMINATION OF PLUTONIUM. 
W. D. Schults . Anal. Chem. 1 3 , 15-8 (1961), 

Coulometr ic reagents for secondary p r o c e s s e s may be 
e lec t r ica l ly generated and back- t i t r a ted at controlled 
e lect rode potential, ra ther than controlled e lec t ro lys i s 
cu r ren t . Advantages of technique and factors to be 
considered are mentioned. Its application to Pu(Vl) 
and Fe(ll) a re d iscussed. 

953. CRITICALITY MEASUREMENTS PERFORMED 
IN SITU. C, L, Schuske. R F P - 2 4 5 , 1961. 

Low-level neutron-mult ipl icat ion nneasurements nnade 
in situ a re being used as an aid in a r r iv ing at safe, 
p rac t ica l cr i t ical i ty l imits for the design and operation 
of p rocess equipment handling U^^ ,̂ Pu^^^, and U^^ .̂ 

954. POTENTIOMETRIC INVESTIGATIONS ON PLU
TONIUM. K. Schwabe, D. Nebel. Z. Physik. 
Chem. (Leipzig) 120, 339-54 (1962). 

The complex formation between Pu or Pu and 
acetate ions was investigated. The complex constants 
were measured , and the Pu"'"'*/Pu''"^ s tandard potential 
es t imated. 

955. NUCLEAR-TRACK TECHNIQUE FOR LOW-LEVEL 
Pu IN URINE. L. C. Schwendiman, J . W. Healy. 
Nucleonics 16 , No. 6, 78, 80-82 (1958). 

The nnethod requi red evaporat ion of the ur ine sample , 
muffling, precipi tat ion, and an ext ract ion with thenoyl
tr if luoroacetone (TTA). The Pu is subsequently e l ec 
trodeposi ted on a 7 -mm-dia a r ea , and the disc so 
prepared is held against a nuclear t r ack emuls ion for 
168 hr . 



, 5 6 . A SENSITIVE ANALYTICAL METHOD FOR THE 
DETERMINATION OF VERY LOW LEVEL P L U 
TONIUM IN HUMANS. L. C. Schwendiman, 
J . W. Healy. In P r o c . 2nd Intern. Conf. ? " " £ " ! 
Uses Atomic Energy, Geneva, 1958, 2^, 144, 
United Nations, New York, 1958. 

A method was developed for determining ex t remely low 
levels of Pu in u r ine . This method involves sample 
evaporation, muffling, dissolution of sa l t s , cop rec ip 
itation with lanthanum fluoride, and chelation with 
thenoyltrifluoroacetone to isolate the Pu. 

957 ANALYSIS FOR PLUTONIUM BY CONTROLLED-
POTENTIAL COULOMETRY. F . A . S c o t t , 
R. M. Peekema. In P r o c . 2nd In tern . Conf. 
Peaceful Uses Atomic Energy, Geneva, 1958, ZS, 
573, United Nations, New York, 1956. 

Either Hg or Pt e lec t rodes a re used. The method is 
simple with a minimum of sample p r e t r e a t m e n t and no 
chemical adjustment of valence state n e c e s s a r y . 

958 ELECTRON-PROBE MICROANALYSIS OF 
RADIOACTIVE SAMPLES. QUANTITATIVE 
ANALYSIS OF THE PLUTONIUM-IRON SYSTEM. 
V. D. Scott, C. V. T. Ranzet ta . J . Inst. Metals 20, 
160-7 (1962). 

Techniques suitable for the examination of radioact ive 
specimens by e lec t ron-probe mic roana lys i s a r e p r e 
sented with i l lus t ra t ions and a s s e s s e d . Quantitative 
results from a se r i e s of alloys containing Fe and the 
heavily-absorbing element Pu showed la rge differences 
between the measured Fe contents and the t rue va lues . 

959. SEPARATING NEPTUNIUM FROM PLUTONIUM 
IN AQUEOUS INORGANIC SOLUTION. 
G. T. Seaborg. U.S . Pat . 3,005,680, Feb . 2, 1948. 

Np is separated from Pu in aqueous solution by using 
the rapid oxidation of Np and the slow oxidation of Pu 
in solutions of the reduced ions. The solution of the 
reduced ions, as sulfates, is t r ea ted with alkali b r o 
mate at 15-25°C until substantial ly all the Np is oxi
dized. Lâ "*" and F " a re added, and the Pu containing 
precipitate is separa ted . In an a l ternat ive method, the 
reduced ions a r e t rea ted with an aqueous solution of 
0.2M B r O ; and 0.2M Br . 

960. THE TRANSURANIUM ELEMENTS: RESEARCH 
PAPERS. G. T. Seaborg, J . J . Katz, W. M. Man
ning, Ed i to r s , National Nuclear Energy S e r i e s , 
Div, IV, Vol. 14B, McGraw-Hil l Book Company, 
Inc., New York, 1949, 

961. EXTRACTION OF HEXAVALENT PLUTONIUM 
FROM AQUEOUS ACIDIC SOLUTION WITH 
ETHYL SULFIDE. G . T . Seaborg . U . S . P a t . 
2,990,242, June 27, 1961. 

A process is desc r ibed for extract ing Pu^ from an 
aqueous ammonium n i t r a t e - n i t r i c acid solution with 
ethyl sulfide. 

962. EXTRACTION OF TETRAVALENT PLUTONIUM 
VALUES FROM AQUEOUS ACID SOLUTIONS BY 
2-ETHYLBUTOXY ETHANOL. G. T. Seaborg. 
U. S. P a t . 2,996,526, Aug. 13, 1961. 

963. SEPARATION OF PLUTONIUM FROM URANIUM 
AND FISSION PRODUCTS BY SOLVENT EXTRAC
TION. G. T. Seaborg, W. J . Blaedel, M. T. Wall
ing, J r . U. S. Pat . 2,950,166, Aug. 23, 1960. 

Differences in solubili t ies of oxidation s ta tes a re used. 
Ni t r ic acid and hexone media a re considered. 

964. THE ACTINIDE ELEMENTS. G. T. Seaborg, 
J. J . Katz, Edi to rs . National Nuclear Energy 
S e r i e s , Div. IV, Vol. 14A, McGraw-Hill Book 
Company, Inc. , New York, 1954. 

965. SEARCH FOR ELEMENTS 94 AND 93 IN NATURE, 
PRESENCE OF 9 4 " ' IN PITCHBLENDE. 
G, T. Seaborg, M. L. P e r l m a n . A-146, 
April 13, 1942. 

An examination of a pitchblende concentrate indicated 
that no positive amount of either element could be 
conclusively detected. 

966. SEARCH FOR ELEMENTS 94 AND 93 IN NATURE. 
PRESENCE OF 9 4 " ' IN PITCHBLENDE, 
G. T. Seaborg, M. L. P e r l m a n . J . Am. Chem. 
Soc. 70, 1571-3 (1948). 

A final fraction of 94 and 93 precipi tated with r a r e -
ear th c a r r i e r is counted for fissions with slow and fast 
neut rons , and an upper limit of one par t in 10 to 10 
has been set for the amount of these e lements in the 
sample . One par t in lO'* is es t imated as the amount 
of 94^^' in the original pitchblende concentra te . 

967. PEROXIDE PROCESS FOR SEPARATION OF 
RADIOACTIVE MATERLALS. G. T. Seaborg, 
I. P e r l m a n . U. S. Pat . 2,652,336, Sept. 16, 1958, 

A method is presented for separat ing Pu from hexa
valent U by using Th as a c a r r i e r in the precipi tat ion 
of the peroxide. The precipi tat ion is done in a sulfate 
medium with the pH controlled between 2-3 . 

968 CONCENTRATION AND DECONTAMINATION OF 
SOLUTIONS CONTAINING PLUTONIUM VALUES 
BY BISMUTH PHOSPHATE CARRIER P R E C I P 
ITATION METHODS. G . T . Seaborg, S. G. Thomp
son. U. S. Pat , 2,950,168, Aug. 23, 1960. 

A p rocess is presented for recover ing Pu from fission 
products by a s e r i e s of oxidation-reduction cyc les . 

9 6 , . THE CHEMICAL PROPERTIES OF ELEMENTS 
94 AND 93. G. T. Seaborg, A. C. Wahl. J . Am. 
Chem. Soc. 70, 1126 (1948). 

This repor t desc r ibes the chemical exper iments that 
were performed on elements 94 and 93 and the chem
ical p roper t i e s that were deduced from these 
exper iments . 

970 SEPARATION OF PLUTONIUM FROM URANIUM 
' AND FISSION PRODUCTS BY ADSORPTION. 

G. T. Seaborg, J , E. Willard. U. S. Pa t . 2,819,144. 

Jan. 7, 1958. 
This separat ion is accomplished by contacting the 
solutions containing Pu in the 3+ or 4+ oxidation s t a tes 
with diatomaceous ear th which preferent ia l ly adsorbs 
the Pu p resen t . 



971. AMPEROMETRIC TITRATION OF PLUTO-
NIUM(VI) WITH IRON(II). C. A. Sel ls , J r . , 
R. J . Meyer, R. P . Larsen . Anal. Chem, H , 
1673-5 (1963). 

Pu is oxidized in a sulfate medium to Pu(Vl) with 
argentic oxide. The excess oxidant is destroyed by 
heating, and the Pu is t i t ra ted with Fe(ll) , Fo r 15-mg 
samples , prec is ions of ±0.6% rela t ive s tandard devia
tion are obtainable. For 0.2-mg samples , the re la t ive 
standard deviation is about 0.4%. 

972. DISTRIBUTION OF PARTICLE SIZE FOUND IN 
BREATHING AIR AT HANFORD PLUTONIUM 
FABRICATION FACILITIES. J . M. Selby. 
HW-SA-2623, 1962. 

Results from a study on the pa r t i c l e - s i ze distr ibution 
found in a Hanford Pu fabrication facility a r e 
discussed. 

973. SIZE ANALYSIS OF PARTICULATES FOUND IN 
AIR AT HANFORD PLUTONIUM FABRICATION 
FACILITIES. J . M Selbey. HW-SA-2713, 
Aug. 9, 1962. 

The charac te r i s t i c s of radioact ively-contaminated a i r 
at Hanford work locations were studied. One main 
objective in this study is to define the size of par t i cu la r 
air contamination in Pu handling faci l i t ies . 

974. THE SEPARATION OF FISSION PRODUCTS ON 
ION EXCHANGERS. K. E. Seyb, G. Her rmann . 
Z. E l e k t r o c h e m . ^ , 1065-72 (i960), 

A scheme for separat ion of fission products having a 
half-life above 1 day, U, and neighboring elements is 
described. The separat ion is made by ion exchange 
coupled with disti l lation. 

975. PREPARATION OF THIN UNIFORM FILMS OF 
PuOz SUITABLE FOR FISSION FRAGMENT 
COUNTING. J, Shaw, A. Whittaker, L. Polley, 
G. Wortley. WSL-R-39, Aug. 12, 1952. 

Thin films of PuO^ suitable for detection of Pu^^" were 
prepared by dropping Pu salt solution onto the center 
of a spinning Pt dish and igniting (850°C) the Pu salt to 
the oxide. The spinning ra te is important , and 1800 rpm 
was used with a 1.5-in.-dia dish. 

976. PROCESS FOR EXTRACTING NEPTUNIUM AND 
PLUTONIUM FROM NITRIC ACID SOLUTIONS 
OF SAME CONTAINING URANYL NITRATE 
WITH A TERTIARY AMINE. J . C. Sheppard. 
U. S. Pat . 3,047,360, July 31, 1962. 

A process of selectively extracting plutonium ni t ra te 
and neptuniunn ni t ra te with an organic solution of a 
te r t ia ry amine, away from uranyl n i t ra te p resen t in an 
aqueous solution in a maximum concentrat ion of IM is 
described. 

977. THE EXTRACTION OF NEPTUNIUM(IV) AND 
PLUTONIUM(IV) FROM NITRIC ACID SOLUTION 
WITH TRI-n-OCTYL AMINE. J . C. Sheppard. 
HW-51958, Aug. 22, 1957. 

The extraction behavior of Pu(lV) and Np(lV) was inves
tigated and the utility of amine proven. This was ex
pected in view of the behavior of the n i t ra tes on 

anion-exchange r e s i n s . T r i - n - o c t y l extract ion be 
havior annine acts essent ia l ly in an acid nnedia as a 
l iquid-exchange res in . The effect of acid concen t ra 
tion, reagent concentrat ion, and other var iab les is 
d iscussed. 

978. TTA EXTRACTION CURVES. E. Sheperd, 
W. W. Meinke. AECU-3879, Oct. 24, 1958. 

Curves a re given of pH values v e r s u s percent e x t r a c 
tion by thenoyltr if luoroacetone in benzene for Ac, Br , 
Be, Ce, Ag, Eu, Gd, Hf, Ho, In, F e , La, Pb , Nd, Np, 
Pu, P r , Pm, Sm, Si, Tl, Tm, Th, U, V, and Y, Solvent 
par t i t ion in aqueous benzenethenoyltr if luoroacetone 
sys tem is covered. 

979. CARBIDE FUEL DEVELOPMENT. Phase III 
Report , September 15, 1960-September 15, 1961. 
W. Sheridan, A. S t r a s s e r . NDA-2162-5, 
Sept. 30, 1961. 

A glovebox for h igh - t empera tu re p roper ty m e a s u r e 
ments of PuC-UC was designed. A conceptual design 
of the facility for examining i r r ad ia ted Pu was made. 

980. TEMPERATURE E F F E C T S ON URANYL NITRATE 
AND TETRAVALENT PLUTONIUM EXTRACTION 
BY MIXED SOLVENTS. V. B. Shevchenko, 
I. A. Fedorov, V. S. Smelov, Radiokhimiya 1, 
256-60 (1961). 

981. E F F E C T OF TEMPERATURE ON THE EXTRAC
TION OF URANYL AND PLUTONIUM NITRATES 
AND OF NITRIC ACID BY TRIBUTYL PHOS
PHATE. V. B. Schevchenko, I A. Fedorov, 
Y. P . Agureev. AEC- t r -4674 . 

The basic experinnental data concerning the effect of 
tennperature on the extract ion of uranyl and plutoniunn 
n i t ra tes and of n i t r ic acid by t r ibutyl phosphate solu
tion in sa turated, high-boiling hydrocarbons a r e 
presented . 

982. EXTRACTION OF PLUTONIUM BY TRI-n-OCTYL 
AMINE FROM HYDROCHLORIC ACID SOLUTIONS. 
V. B, Shevchenko, V. S. Schmidt, E. A. Mezhov. 
Zhur . Neorg. Khim. 5_, 1911-1913 (i960). 

Apparently two moles of TOA • HCl a r e used in the ex
t ract ion of Pu(lV). The extractant did not ex t rac t 
Pu(lll) by this method. 

983. BEHAVIOR OF PLUTONIUM DURING ITS EX
TRACTION FROM SULFATE SOLUTIONS BY 
AMINES. I. EXTRACTION OF SULFURIC ACID 
AND PLUTONIUM(IV) SULFATE BY TRI-n-
OCTYLAMINE (TOA). V. B. Shevchenko, 
Y. F . Zhdanov. Radiokhimiya 1, 676-84 (1961). 

The extract ion of Pu i n c r e a s e s with increas ing TOA 
concentration and changes i r r egu la r ly with increas ing 
H2SO4 concentration; this is a t t r ibuted to the in te r fe r 
ence of the TOA bisulfate in the organic phase with the 
extraction of Pu. When Li2S04 is added to the aqueous 
solution, extract ion of Pu f irst i nc reases and then de
c r e a s e s with increasing Li2S04 concentrat ion. 



, 8 4 . EXTRACTION OF Pu FROM SULFUR C ACIDS 
BY AMINES. I. EXTRACTION OF SULFURIC 
ACID AND PLUTONIUM(IV) SULFATE BY 
n-TRIOCTYLAMINE. V. B. Shevchenko, 
Y. F . Zhdanov. Radiokhimiya 3, 676-84 (1961). 

The influence of t r ioctylamine concentration on Pu(lV) 
extraction from sulfuric acid and of the influence of 
sulfuric acid concentrat ion on Pu(IV) d is t r ibut ion c o 
efficients were analyzed. 

,85 CONTROLLED POTENTIAL COULOMETRIC 
TITRATION OF PLUTONIUM-APPLICATION TO 
PRFR SAMPLES. W . D . Shults . ORNL-2921, 
April 25, 1960. 

The application of coulometr ic t i t ra t ion of Pu and i ts 
application to Power Reactor Fuel Reprocess ing pilot 
plant samples a re covered. Operat ing conditions and 
potential in terferences a r e given. 

986. ORNL PROCEDURES FOR CONTROLLED-
POTENTIAL COULOMETRIC TITRATION OF 
PLUTONIUM. W. D. Shults . ORNL-TM-366, 
Sept. 14, 1962. 

Six procedures , in stepwise form, that can be used for 
the determination of Pu in seve ra l forms by contro l led-
potential coulometric t i t ra t ion a r e p resen ted . 

987. COULOMETRIC GENERATION AND BACK 
TITRATION OF INTERMEDIATE REAGENTS AT 
CONTROLLED POTENTIAL. APPLICATION TO 
THE DETERMINATION OF PLUTONIUM. 
W. D. Shults. Anal. Chem. 3i,, 15-8 (1961). 

The determination of Pu in the p re sence of Fe is 
described. 

,66. APPLICATIONS OF CONTROLLED-POTENTIAL 
COULOMETRY TO THE DETERMINATION OF 
PLUTONIUM. A REVIEW. W . D . Shults . 
Talanta iO, 833-49 (1963). 

The techniques, p rocedures , and separa t ions that were 
developed a r e descr ibed . The effects of some con
taminants that a re common to Pu-containing samples 
are also presented, 

969. ON METHODS OF SEPARATION OF NEPTUNIUM 
FROM PLUTONIUM. I. K. Shevtsov, A. M. 
Vorobyev. In P r o c . 1st Int. Conf. Peaceful .Uses 
Atomic Energy, Geneva, 1955, 1 , 304, United 
Nations, New York, 1956. 

990. D 1-2-AMYL 2-BUTYLPHOSPHONATE AS AN 
EXTRACTANT FOR THE RECOVERY OF URA
NIUM AND PLUTONIUM. T. H. Siddall, III, 
DP-548, Feb 1961. 

Equilibrium data a r e presen ted for the ex t rac t ion of U, 
nitric acid, and Pu(IV). Separat ion of Pu from n i t r i c 
acid solutions is d i scussed , 

991. EFFECTS OF STRUCTURE OF N, N-
DISUBSTITUTED AMIDES ON THEIR EXTRAC
TION OF ACTINIDE AND ZIRCONIUM NITRATES 
AND OF NITRIC ACID. T. H. Siddall, IU. 
J . P h y s . Chem. 64. 1863-6 (1960). 

Successive alkyl subst i tut ion on the a -ca rbon atom 

greatly d e c r e a s e s the ext ract ion of quadrivalent 

act inides and of Z r , but only moderately dec r ea se s 
the extract ion of hexavalent act inides and n i t r ic acid. 

, 9 2 . RATIONALE FOR THE RECOVERY OF IRRADI
ATED URANIUM AND THORIUM BY SOLVENT 
EXTRACTION. T. H. Siddall, III. In P r o c . 2nd 
Intern. Conf. Peaceful Uses Atomic Energy, 
Geneva, 1956, H , 339, United Nations, New York, 
1958. 

The graphical and the i terat ive ar i thmet ica l methods 
of computing flowsheets for a solvent-extract ion sys 
t e m are compared. These methods a re applied to 
calculations of flowsheets for recovery of U and Th by 
the use of TBP. Compact algebraic express ions a re 
derived and used to compute the s tage- to -s tage be 
havior and inventory of Pu, and the separat ion of Pu 
from UXj, for a representa t ive flowsheet. Batch 
equil ibrium data for the extraction of U, Th, Pu, and 
Zr by dibutyl butylphosphonate and diamyl amylphos-
phonate a re compared with s imi la r data for TBP. 
Some phase d iagrams are presented . 

993. GENERAL REMARKS ON SYNERGIC E F F E C T S 
IN THE EXTRACTION OF URANIUM AND PLU
TONIUM COMPOUNDS. S. Siekierski , M. Taube. 
Nukleonika 6, 489-501 (1961). 

Classification of extract ion sys tems containing mix
tu re s of two extracting agents is proposed. 

994. THE SEPARATION OF PLUTONIUM FROM 
URANIUM AND FISSION PRODUCTS WITH ION 
EXCHANGE COLUMNS. T.Sikkeland . 
JENER-38. 

Tetravalent Pu is quantitatively adsorbed from a U 
solution by passing the solution through a column of 
anion-exchange res in . The U and most of the fission 
products a r e eluted with 2M HCl and Pu and the r e 
maining fission products with 5M HCl. 

995 SOME ANALYTICAL METHODS USED IN CON-
~r NECTION WITH THE CHEMICAL SEPARATION 

OF PLUTONIUM. T. Sikkeland, J. Haaland. 
JENER-46, Dec. 19, 1956. 

Analytical methods used in the chemical separa t ion of 
Pu on a laboratory scale a re presented . They include 
react ions for identification of e lement , analysis of 
chemical s ta te , determinat ion of concentra t ions , and 
analysis for impur i t i es . 

996 ANION EXCHANGE STUDIES OF PLUTONIUM. 
T. Sikkeland, J . Juul. JENER-44 , Aug. 27, 1956. 

This is a study of the absorption of Pu on Dowex-1 
r e s in Pu+' is not absorbed at any HCl concentrat ion. 
Pu*" can be stabilized with NaNOj. Pu+'' is absorbed at 
about 2.5M HCl but is unstable in 4-7M HCl range 
PuOt* is absorbed. However, it is reduced to Pu , 
and at tempts to stabil ize it with CI; or K ^ C r P , were 
unsuccessful . 

997. REDOX DIAGRAMS. L. G. Sillen. J . Chem. 
Educ. 29, 600-8 (1952). 

Oxidat ion-reduct ion d iagrams a r e given for the oxida
tion s ta tes of Cu, F e , Tl, Ti, V, U, Np, and Pu, each at 
pH O Graphic d iagrams based on a single var iable 
have served to simplify complicated equil ibr ia 



(acid base , coordination complex, etc.) for oxidation-
reduction sys tems or s imi la r appl icat ions. 

998. ELECTROLYTIC EXTRACTION OF MICRO-
QUANTITIES OF URANIUM AND PLUTONIUM. 
G. S. Sinitsyna, S. L. Fadeev, G. M. Sukhodolov. 
Rad iokh imiya ! , 295-9 (1959). 

The influence of cur ren t density, acidity, and type of 
cathode ma te r i a l on the e lectrolyt ic precipi tat ion of 
U and Pu was studied. Separat ions of Pu and U were 
studied. Separation of Pu and U were found to depend 
on pH of the precathode layer , r ega rd les s of pH of the 
initial solution. 

999. THE PLANNING OF A SMALL PILOT PLANT 
FOR DEVELOPMENT WORK ON AQUEOUS 
REPROCESSING OF NUCLEAR FUELS. 
T. U. Sjoeborg, E. Haeffner, A. Hultgren. 
AE-122, Oct 1963. 

U-Pu separat ion takes place on a column filled with 
silica gel p re t rea ted with 0.03M Fe(ll) and 0.8M 
hydrazine n i t ra te . 

1000. ANALYTICAL APPLICATIONS OF THERMO
GRAVIMETRY. II. THERMOGRAVIMETRIG 
STUDY OF PLUTONIUM COMPOUNDS. 
I. S, Sklyarenko, T. M. Chubukova. Zhur . Anal. 
Khim. 1 1 , 706-10 (I960). 

Plutonium 8-hydroxyquinolate, after drying at 230°C, 
can be used as a gravinnetric form as well as Pu(S04)2, 
plutonium iodate, and the anhydrous oxalate quadr i 
valent Pu. 

1001. THE DETERMINATION OF SMALL AMOUNTS 
OF NEPTUNIUM IN PLUTONIUM METAL. 
L. J. Slee, G, Phi l l ips , E. N. Jenkins . 
Analyst 84, 596-603 (1959). 

Np in the range of 10-2000 ppnn is separa ted from Pu 
metal by solvent extraction with 2-thenoyl t r i f luoro
acetone and then deternnined on the square-wave polaro-
graph. Np was found to range fronn 25-500 ppm with a 
precision of ±10 and ±2%, respect ively. 

1002. CRITICAL MASS CONTROL SPECIFICATION 
HOOD 9A. R, J . Sloat. HW-76553 (Rev.), 
May 31, 1963. 

Pu concentration in oxalate s l u r r i e s and filter cokes 
allowed to accunnulate in volunnes in excess of 4 l i t e r s 
should be limited to a maximunn of 100 g of P u / c c in 
process equipment. The c r i t i ca l nnass of nonconfirmed 
Pu may exceed 7 kg for dry, unmoderated, Pu 
compounds, 

1003. NUCLEAR EMULSION TECHNIQUE FOR DETER
MINATION OF THE PLUTONIUM-240-
PLUTONIUM-239 RATIO. E. N. Sloth, 
M. H. Studier. Anal. Chem. H , 1751 (1968). 

The Pu^'*°-Pu"'' rat io has been determined in submic ro -
grann quantities of Pu by using a nuclear ennulsion tech
nique. The method is based on the fact that 1 1% of the 
Pu ^ ' a - p a r t i c l e s have coincident e lec t rons ar is ing 
fronn the conversion of gamma r a y s , while 24% of the 
a-par t ic les from Pu have coincident-conversion 
e lec t rons . 

1004. THE DETERMINATION OF PLUTONIUM IN 
URINE. A. A. Smales , L, Airey, G. N, Walton, 
R. O. R. Brooks . A E R E - C / M - 5 3 3 , May 1950. 

1005. A METHOD OF CLEANING PLUTONIUM 
METAL SAMPLES FOR ANALYSIS. 
W. G. Smiley. LA-1349 (Del.), Feb . 2, 1953. 

The electrolyt ic cleaning of Pu meta l with ethylene 
g lyco l -phosphor i cac id i sno t sa t is factory for p repar ing 
samples for Oj de terminat ion . A method of cleaning in 
20% aqueous potass ium carbonate is desc r ibed . E l e c 
t ro lys i s at 4.5 volts in a Ta cup is usually sufficient. 

1006. A NEW MICRO COMBUSTION METHOD FOR 
CARBON IN PLUTONIUM. W. G. Smiley. 
LA-1128, July 6, 1950. 

The cap i l l a ry - t r ap , r e s i s t ance furnace for induction 
heating and use of O2 at a tmospher ic p r e s s u r e a r e the 
main a l tera t ions in a nnodified method for the de te r 
mination of carbon in Pu . 

1007. THE DETERMINATION OF OXYGEN IN PLUTO
NIUM BY THE CAPILLARY TRAP METHOD. 
W . G . Smiley. LA-1350, Feb 1953. 

The oxides in the sannple reac t with carbon of a 
graphi te crucible to fornn CO, which is swept out by a 
s t r e a m of Ar at a tmospher ic p r e s s u r e . The CO is 
oxidized to COz, which is condensed in a capi l lary t r ap 
and nneasured with a capi l lary manonneter. 

1007a. SOLVENT EXTRACTION DATA FOR PLUTO
NIUM. A COMPILATION OF DATA IN THE 
LITERATURE. L. L. Smith. DP-700 , 
Dec 1962. 

This is a compilation of data in the l i t e r a tu r e . Ex t r ac 
tion coefficients for the dis t r ibut ion of Pu(ll l) , (IV), and 
(VI), in a la rge nunnber of aqueous and organic systems 
a r e presented in tabular and graphic form. 

1008. DETERMINATION OF CHROMIUM IN PLUTO
NIUM. M. E. Smith. AECD-417I , Apri l 1955. 

The Cr is oxidized to chronnate in bas ic solution with 
H20z. Excess peroxide is rennoved by heat ing. The 
Cr is then determined by nneasuring the absorbance of 
the chronnate ion or by using diphenylcarbazide as a 
co lo r imet r i c reagent . As lit t le as 10 ppm of Cr may be 
de termined. Standard deviations of 1-7 re la t ive % were 
obtained for Cr concentrat ions of l%-40 ppm, 
respect ively , 

1009. THE DETERMINATION OF FREE ACID IN 
PLUTONIUM SOLUTIONS. M. E. Smith. 
LA-1864, Jan 1955. 

A nnethod is presented for determining free acid in Pu 
solutions having an excess acidity g r e a t e r than 0.2N. 
Hydrolytic behavior of Pu is prevented by precipi ta t ion 
with potass ium iodate. The fi l trate is t i t r a ted with a 
s tandard base using a potent iometr ic end point. If 
Pu(VI) is known to be absent , phenolphthalein may be 
used as an indicator. 
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1010 THE DETERMINATION OF VANADIUM IN THE 
PRESENCE OF PLUTONIUM. M. E. Smith. 
LA-1285, Aug. I , 1951. 

This polarographic method does not requ i re a s e p a r a 
tion from Pu. Both Pu and V in hydrochlor ic acid 
solutions a re reduced with Zn and Zn ama lgam. The 
height of the anodic wave produced by the oxidation of 
V(II) is proport ional to the V concentrat ion. P u ( m ) 
does produce an interfering wave. Solutions with a 
v / P u ratio as low as 6.4 x 10"* may be analyzed with 
a reproducibility of 3.4% of the 9 5 * level . 

1011 THE POLAROGRAPHIC DETERMINATION OF 
TITANIUM IN PLUTONIUM SOLUTIONS. 

M. E, Smith. LA-1345, Dec. 20, 1951. 

A polarographic procedure for Ti in Pu of T i / P u as 

low as 0.128 has been devised. 

1012 THE POLAROGRAPHIC DETERMINATION OF 
URANIUM IN THE PRESENCE OF PLUTONIUM. 
M. E. Smith. LA-1249, May 25, 1951. 

Using hydroxylamine hydrochlor ide as the supporting 
electrolyte, U was determined in the p re sence of Pu 
and Fe , Solutions with u / P u weight rat io as low as 
3,5 x 10"' were analyzed with an e r r o r of 27o. 

1013. SPECTROPHOTOMETRIC DETERMINATION OF 
SILICON IN PLUTONIUM. M. E. Smith. 
TID-6071, 1957. 

Pu is separated by precipi ta t ion of the insoluble Pu(III) 
fluoride, and silicon is de te rmined spec t rophotomet
rically by a procedure based on the formation of the 
Bilico-molybdic acid after its reduction with 1 amino-
2-napthol-4-sulfonic acid to the blue complex. Al is 
used to complex fluoride. In the range of 25-100 ppm, 
the standard deviation var ied from 1 0 to 5 re la t ive %, 
respectively. Time for duplicate analyses is about 
3 hours, and 0.004M KMn04 is used to oxidize any r e 
ducing impuri t ies before adding (NH4)jMo,Oj4 and ad
justing pH for formation of si l icomolybdic acid. 
Prepare plastic t r ans fe r pipet in o rder to always get 
same amount of fluoride. Measure at 825 mu. Pu(III), 
(IV),and (VI) forms insoluble compounds with molyb
denum. As, P , Ge, Ni, F e , and Cr in t e r f e re . 

1014. SPECTROPHOTOMETRIC DETERMINATION OF 
RHODIUM AND PLATINUM IN PLUTONIUM. 
M. E. Smith. Anal. Chem. 30. 912-3 (1958). 

A simultaneous determinat ion with no separa t ion f rom 
Pu is necessa ry , but a cor rec t ion must be applied for 
the absorbence of Pu(III) at the wavelengths used to 
determine the Rh and P t . The range is 5 to 14 ppm of 
Rh and Pt . 

1015. THE SPECTROPHOTOMETRIC DETERMINA
TION OF CERIUM IN PLUTONIUM. M . E . S m i t h . 
LA-1995, Jan 1956. 

A method is desc r ibed for determining Ce in Pu alloys 
containing i% cobalt . A separa t ion of Ce is made by 
oxidizing Pu to (VI) with persulfate and precipi ta t ing 
Ce using L a F , as a c a r r i e r . The Ce is then converted 
to the sulfate, oxidized with persul fa te , and the ab
sorbence m e a s u r e d at 320 mu. In small amounts . Mo, 
Ta, Fe , Z r , Nd, and Ru do not in te r fe re . 

1016. PYROPHORICITY - A TECHNICAL MYSTERY 
UNDER VIGOROUS ATTACK. R. B. Smith. 
Nucleonics 14, No. 12, 28-33 (1956). 

The pyrophorici ty of Pu, U, Th, Z r , and Hf a r e d i s 
cussed . Some possible mechanisms of var ious fires 
and explosions a r e given. 

1017. SAFETY REVIEW OF HANFORD LABORATORIES 
PILOT PLANT FACILITIES. W. A. Snyder. 
HW-69587 (Rev.), Nov. 10, 1961. 

The safeguards incorporated by design features and 
adminis t ra t ive controls in Hanford Labora tor ies and 
pilot plant facilities employed in handling fission 
products and Pu a r e d iscussed. 

1018. ESTIMATION OF Pu BODY BURDENS ON THE 
BASIS OF URINALYSIS DATA. W . S . S n y d e r . 
In ORNL-3189, Health Physics Division Annual 
P r o g r e s s Report , for Per iod Ending July 31, 1961. 
Oct. 31, 1961, pp. 191-192. 

A formula for est imating body burdens of Pu from 
ur inary excret ion data was derived and p rogrammed 
on the IBM-709 computer . 

1019. A CATHODIC SPUTTERING TECHNIQUE TO 
PRODUCE UNIFORM FOILS OF FISSILE 
MATERIAL. H. E. Soisson, J. C. Sheffield. 
KAPL-903, April 20, 1953. 

A technique is presented for producing thin adherent 
films of fissile ma te r i a l on thin Al foil. A uniformity 
within 1.5% for densi t ies of 0.01-0.6 mg/cm^ has been 
achieved for foils up to 50 c m ^ Methods for measur ing 
the uniformity of the surface density and of the number 
of atoms of fissile mate r ia l in a film a re d i scussed . 

1020 EXTRACTION OF ELECTROLYTES FROM 
NITRIC ACID SOLUTIONS BY NEUTRAL OR-
GANOPHOSPHORIC SOLVENTS. CALCULATION 
OF DISTRIBUTION CURVES. A. S, Solovkin. 
A E C - t r - 4 6 7 1 , 1960. 

In connection with the study of the quantitative laws of 
the extract ion of e lec t ro ly tes by neutral organophos-
phoric solvents from ni t r ic acid solutions, equations 
have been derived which allow the calculation of the 
distr ibution coefficients without previous de terminat ion 
of the activity coefficients of the extracting m a t e r i a l s . 

1021 SEPARATION PROCESS USING COMPLEXING 
AND ADSORPTION. J . H. Spedding, J . A. Ayer s . 
U. S. Pa t . 2,637,546, June 3, 1956. 

The method consis ts of forming a chelate complex 
compound with Pu ions in the solution by adding a 
derivat ive of 8-hydroxyquinoline (which derivat ive con
ta ins a sulfonic acid group), and adsorbing the r e m a i n 
ing cations from the solution on a cat ion-exchange 
res in , while the complexed Pu remains in the solution. 

1022 PLUTONIUM ALLOY AND METHOD OF S E P -
ARATING IT FROM URANIUM. F . H. Spedding, 
T. A. But ler . U. S. Pa t . 2,778,730, Jan . 22, 1957. 

A method is presented for recover ing and concentrat ing 
Pu contained in large quantities of U . Sn is melted 
with the U-Pu mixture . Upon solidification, two phases 
a r e formed, one of U-Sn alloy carry ing the bulk of the 



Pu, and the other consisting essent ia l ly of metal l ic U. 
The U phase is selectively hydrided at 250''C. Final 
separat ion is made by sieving, flotation, o r the l ike. 

10a3. CHEMICAL PROCESS DEVELOPMENT FOR 
THE WINDSCALE PLUTONIUM PLANT, 
R. Spence. J . Roy. Inst. Chem. 1 1 , 357-68 (1957). 

This is the text of a lecture presented at the Annual 
Conference of the Royal Institute of Chemis t ry , 
April 1957. 

1024. EVALUATION OF ISOTOPIC CONTENT OF 
IRRADIATED NATURAL URANIUM DIOXIDE 
FUEL RODS FROM PWR CORE I. C D , Sphar. 
WAPD-TM-265, Feb 1962. 

During the f irs t seed refueling of PWR Core I, selected 
natural uranium dioxide fuel e lements were removed 
from the blanket region of the core and destruct ively 
analyzed for their U and Pu isotopic content. 

1025. METHOD OF REMOVING CONTAMINATION 
FROM BISMUTH PHOSPHATE PRECIPITATES 
OF PLUTONIUM. G. W. Stahl. U. S. Pat . 
2,867,500, Jan. 6, 1959. 

When Pu in the te t ravalent state is c a r r i ed on bismuth 
phosphate, cer tain of the fission products a re ca r r i ed 
along. The improvement consis ts of washing the p r e 
cipitate with an aqueous solution of ammonium hydro
gen fluoride. 

1026. DETERMINATION OF PLUTONIUM-URANIUM 
RATIO IN URANIUM PITCH ORE. I . E . S t a r i k , 
A. P . Ratner , M. A. Pasvik , F , L. Ginzburg, 
AEC-t r -4820. Transla t ion of Geokhimiya No. 2, 
142-6 (1957). 

It was found that the Pu-U rat io was (2.0 + 0.3) x 10"^^ 
Two methods were developed for separat ing and 
purifying Pu. 

1Q27. USE OF PHENYLARSONIC ACID TO SEPARATE 
NEPTUNIUM AND PLUTONIUM. I. E . Star ik, 
A. P . Ratner , M. A. Pasvik, F . L. Ginzburg. 
N P - t r - 7 4 1 , 1959. 

The Np as Np(lV) is coprecipi tated with z i rconium 
phenylarsonate using phenylarsonic acid as the p r e 
cipitating agent. Under these conditions, Pu is r e 
duced to +3, and quantitative separat ion may be 
obtained. 

1028. SEPARATION OF PLUTONIUM FROM SOLU
TION BY ADSORPTION ON ZIRCONIUM PYRO
PHOSPHATE. R. W. Stoughton. 
U. S. Pat . 2,970,035, Jan. 31, 1961. 

Granular ZrPjO^ or (ZrO)zP207 a r e used as adsorbents 
to separate Pu and fission products from U02(NO3)2 • 
6H2O solution. 

1029. COMMENTS OF THE HANDLING OF PLUTO
NIUM. M. J . Steindler. ANL-6021, 
June 1959. 

Faci l i t ies for Pu and a variety of safety equipment 
are covered. 

1030. RADIATION PROBLEMS ASSOCIATED WITH 
THE HANDLING OF THE ACTINIDE E L E 
MENTS. M. J . Steindler . ANL-6540, 
April 1962. 

The haza rds connected with the handling of actinide 
e lements a re surveyed. Emphas i s is placed on Th, U, 
Np, and Pu. 

1031. PROCESS OF TREATING URANIUM HEXA
FLUORIDE AND PLUTONIUM HEXAFLUORIDE 
MIXTURE WITH SULFUR TETRAFLUORIDE TO 
SEPARATE SAME. M. J . Ste indler . 
U. S. Pa t , 3,046,089, July 24, 1962. 

A p rocess was developed for separat ing u ran ium hexa
fluoride from plutonium hexafluoride by the select ive 
reduction of the plutonium hexafluoride to the t e t r a 
fluoride with sulfur te t raf luor ide at 50 to 120°C, cooling 
the mixture to -60 to -lOO^C, and volati l izing unreacted 
sulfur te t raf luoride and sulfur hexafluoride formed at 
that t e m p e r a t u r e . The u ran ium hexafluoride is vola-
t ized at room t empe ra tu r e away from the solid pluto
nium hexafluoride. 

]Q32. AIR SAMPLING WITH THE ANNULAR 
IMPACTOR. D. C. Stevens. A E R E - H P / M - 1 1 0 , 
Aug, 28, 1956. 

The annular impactor is a highly se lect ive sampling 
device for a i rborne dust pa r t i c l e s produced in the 
course of operat ions of Pu l a b o r a t o r i e s . It enables 
one to count samples without delay for the decay of 
natural Rn daughter products . 

1033. ABSORPTION SPECTRA OF LANTHANIDE AND 
ACTINIDE RARE EARTHS. II. TRANSITION 
PROBABILITIES FOR -1-3 IONS IN THE TWO 
SERIES. D. C. Stewart . ANL-4812, 
Feb . 1952. 

Absorption curves for U" '̂', Pu"*"̂ , and Am"''-' were de ter 
mined in perchlor ic acid and m e a s u r e m e n t s were 
extended into the ul t raviolet region. Data were also 
given for calculated t rans i t ion probabi l i t ies of the 
e lect ron quantum sta tes for Nd+\ Pm"*" ,̂ Sm"*"̂ , En"*"̂ , 
U+\ Np+^ and Pu+^ 

1034. ALKYL PHOSPHORIC ACID EXTRACTIONS. 
D. C. Stewart , T. E . Hicks . UCRL-86I , 
Aug. 9, 1950. 

Organic solvent-extract ion techniques were used to 
separa te the mono- and di-alkyl substi tuted comnnercia] 
phosphoric acid mix tu re s . Sonne p re l imina ry exper 
iments on separa t ion of U^̂ ^ and Pu^^^ were undertaken, 
and data presented . 

1035. SAFETY CONSIDERATIONS FOR HANDLING 
PLUTONIUM, URANIUM, THORIUM, THE 
ALKALI METALS, ZIRCONIUM, TITANIUM, 
MAGNESIUM, AND CALCIUM. E. L. Stout. 
LA-2147, Sept. 4, 1957. 

This repor t compiles from var ious s o u r c e s , safety 
considerat ions for work with these specia l m e t a l s . 



1036. SECOND ANNUAL CONFERENCE ON P L U T O -
NIUM, RADIUM, AND MESOTHORIUM, SALT 
LAKE CITY, UTAH, June 17-19, 1954, 
C. N. Stover, J r . , Compiler . TID-7639. 

Results a r e reviewed from studies on the l o n g - t e r m 
toxic effects of Pu, Ra, and MsTh in dogs. The use of 
chelating compounds for removing such isotopes f rom 
bone and the equil ibrium constants resul t ing t h e r e 
from are also d iscussed . 

1037. INDUSTRIAL ACTIVATION ANALYSIS. 
J. E Strain, G, W. Leddicotte . ISA, P r o c . Natl . 

Anal. Instr . Symposium 1 , 297-302 (1962). 

This is an analysis of Pb , U, and Pu by gamma a b s o r p 

timetry with an A m " ' source . 

1038. THE ATOMIC SPECTRUM OF PLUTONIUM. 
A. R. Striganov, L. A. Korostyleva. A E C - t r -
2918. Transla t ion of Optika I Specktroskopiya i , 
957-64 (1956), 

1039. THE DETERMINATION OF AMERICIUM IN 
PLUTONIUM PRODUCT SOLUTIONS. 
A. Chetham-Strode, J r . HW-25205, Aug. 15, 1952. 

The cerium fluoride method for determining Am in the 
presence of Pu and U has been extended for appl ica
tion to plant s t r eams of very high P u - t o - A m ra t io s . 
The precision of the modified method has been d e t e r 
mined to be ±2.24% at the 99% l imi t s . 

1040. FORMAL OXIDATION POTENTIALS OF IRON, 
PLUTONIUM AND NEPTUNIUM DETERMINED 
WITH A CONTROLLED POTENTIAL COULOM
ETER. R. W. St romat t , R. M. Peekema , F . A. 
Scott. HW-58212, Nov. 12, 1958. 

This method was used to m e a s u r e formal oxidation 
potentials of Fe , Pu, and Np in var ious acid solut ions, 
with excellent agreement with repor ted va lues . The 
method is l imited by the inability to m e a s u r e the poten
tial of i r r eve r s ib l e couples. Complex formation con
stants were also es t imated for Np(VI) sulfate, Np(IV) 
nitrate, and Np(lV) chlor ide . 

1041. KINETICS OF THE REDUCTION OF NEPTU-
NIUM(VI) BY URANIUM(IV). J , C. Sullivan, 
A. J. Zielen, J . C. Hindman. J, Am. Chem. 
Soc. 82, 5266-92 (1960), 

Kinetics of analogous react ions of the (IV) and (VI) 
states of U, Np, and Pu a r e d i scussed , 

1042. ABSENCE OF LETHAL RADIATION EFFECTS 
FOLLOWING MASSIVE ORAL ADMINISTRA
TION OF PLUTONIUM. M. F . Sullivan, 
R. C. Thompson. Nature JJO, 651-2 (1957). 

It was concluded from exper iments that alpha radiat ion 
originating from mass ive doses was la rgely ineffective 
in causing acute damage to intest inal m a s s , and it would 
appear that alpha e m i t t e r s in the gas t ro in tes t ina l t r ac t 
may be ignored in calculating maximum p e r m i s s i b l e 
concentrations, 

1043. ION-EXCHANGE STUDY OF THIOCYANATE 
COMPLEXES OF THE ACTINIDES AND LAN
THANIDES. J . P . Sur ls , J r . , G. R. Choppin. 
J . Inorg. Nucl. Chem. 4^ 62-73 (1957). 

Their elution behavior from Dowex- 1 anion exchange 
res in with ammonium thiocyanate is studied. The 
lanthanides and Ytt r ium eluted f irs t . Neither s e r i e s 
shows a simple elution sequence with atomic number . 
Using Dowex-50 res in , the actinides eluted in the usual 
sequence of decreasing atomic number . The actinides 
eluted sooner, indicating s t ronger complexing for ions 
of comparable ionic radius . 

1044. PRECIPITATION METHOD OF SEPARATING 
PLUTONIUM FROM CONTAMINATING 
ELEMENTS. J . B . S u t t o n . U. S. Pat . 2,823,976, 
Feb . 18, 1958. 

The p rocess consis ts broadly in improving a method 
for recovering Pu from radioactive U fission products 
in aqueous solutions by decontamination s teps , includ
ing by-product c a r r i e r precipi tat ion compris ing the 
step of introducing a preformed aqueous s lu r ry of a 
hydroxide of a metal of group IV-B. 

1045. REPROCESSING ANALYSIS. M. B. Svendsen. 
JENER-59, April 1959. 

This involves the determination of Pu by methods used 
at JENER reprocess ing plant. It covers determinat ion 
by lanthanum fluoride method, direct counting, pulse 
analys is , TTA method, and oxidation states of Pu. 

1046 FISSION PRODUCT DISTRIBUTION IN AN 
ADSORPTION EXTRACTION DECONTAMINA
TION CYCLE WITH AN ION EXCHANGER. 
J . A. Swartout, D. N. Hume. CN-1839, 
July 10, 1944. 

The absorpt ion-extract ion process in which Pu and U 
are absorbed from 1 0?o UNH solution by an ion ex
changer a re d iscussed. U is removed with 0.25M 
HjSO,, and Pu is removed with 1.25M NaHSO,. and the 
res idual f ission-product activity is removed with 
0.4% H j C p , . 

1047 DETERMINING CONCENTRATION OF AIR-
BORNE PLUTONIUM DUST. G. W. C. Tai t . 
Nucleonics M, No. 1, 53-55 (1956). 

An annular impactor is used for collecting dust which 
has a high sampling efficiency of about 90% for dusts 
generated by normal technical p roce s se s and a low 
efficiency of 10% for Rn-decay products . De te rmina
tion is by alpha counting. 

1048. PLUTONIUM. M. Taube. Nowa Tech. No. 16, 

1958. 
Chapters a re included on Pu; its nuclear , chemica l , 
and physiological effects a r e d i scussed . Also given a r e 
laboratory p rac t i ces , chemical technology, and its role 
in the development of nuclear energy. 

1049 THE INFLUENCE OF DILUENT POLARITY ON 
EXTRACTION OF PLUTONIUM COMPLEXES 
TO ORGANIC MEDIA. M. Taube. J . Inorg. Nucl. 

Chem. 12, 174-80(1959). 

Diluents such as carbon t e t rach lo r ide , chloroform, 

benzene, cyclohexane and n-heptane , b romoform, and 



dibrommethane were used with var ious organic agents 
singly and in mix tu res . Evidence is p resen ted for the 
importance of dipole moment of diluent in the e x t r a c 
tion process in connection both with the s t ruc tu re of 
the organic phase and dipole-dipole interact ion p r o 
moting solutions of the Pu-complex . Maxima were 
found to exist in the extraction of p lu tonium-te t ra 
n-butyl ammonium ni t ra te in mixtures of polar diluent 
with ion-polar diluents and in par t icu la r with benzene. 

1050 THE SYNERGETIC AND ANTAGONISTIC 
EFFECTS ON THE PLUTONIUM EXTRACTION 
SYSTEMS. M. Taube. PAN-270/V. Pol ish 
Academy of Sciences. Inst, of Nuclear Resea rch , 
Sept 1961. 

The synergetic and antagonistic effects of Pu(lV) and 
(VI) ni trate and sulfate liquid-liquid extract ion were 
investigated for the following sys tems : monodecyl-
phosphoric acid (DDPA) and tributylphosphate (TBP); 
thenoyltrifluoroacetone (TTA) and TBP; dinibutylphos-
phoric acid (DBP) and TBP; t r i -n -oc ty lamine (TOA) 
and TBP; and TOA and DBP. 

1051. A SEMIMICRO VACUUM FUSION APPARATUS 
FOR THE DETERMINATION OF OXYGEN IN 
URANIUM AND PLUTONIUM CARBIDES. 
B, L. Taylor, H. A. P r i o r . AERE-R-4216, 
Feb 1963. 

Details of a semimicro vacuum fusion apparatus a r e 
described. Details of measurement and accuracy of 
method are also descr ibed. 

1052. THE ABSORPTIOMETRIC DETERMINATION OF 
NICKEL IN PLUTONIUM METAL (ALPHA 
FURIL DIOXIME). C. G. Taylor , R. Powell . 
IGO-AM-W-109, Feb 1958. 

The Ni i s determined absorpt iometr ica l ly as the Ni(II) 
alpha furil dioxime complex after extract ion with 
chloroform. Prec i s ion is ±12% at the 2-fig level based 
on 160 determinat ions . Concentration range is 10-
2000 ppm. 

1053. THE REMOVAL OF AMERICIUM AND PLUTO
NIUM FROM THE RAT BY CHELATING 
AGENTS. D. M. Taylor , F . D. Sowby. Phys . in 
Med. Biol. ]_, 83-91 (July 1962). 

The effect of t rea tment with seve ra l different chelating 
agents on the retention of Pu or Am has been studied 
in r a t s . Diethylenetriamine pentaacetic acid (DTPA) 
was found to be the most effective reagent for the r e 
moval of both Pu and Am. 

1054. DETERMINATION OF GASES IN PLUTONIUM, 
URANIUM, AND ZIRCONIUM BY VACUUM 
FUSION. R . E . T a y l o r , Anal. Chem. Acta ^ , 
549-55 (1959). 

A vacuum fusion method suitable for the analysis of 
gases in Pu, U, and Zr is presented . Gases a re r e 
leased by heating the metal in a vacuum at 1900°C in a 
metal bath contained in a graphite crucib le . The gases 
evolved from each sample are collected in individual 
bulbs for la ter mass spectrographic ana lys i s . The 
resul ts for Pu samples analyzed by the Fe and Pt bath 
techniques a re in sat isfactory agreement . The appa
ratus and technique descr ibed provide a method 

whereby the gases p resen t in five sepa ra t e meta l l ic 
samples may be coUected in one melting operat ion of 
l ess than 2 hr durat ion. 

1055. DETERMINATION OF GASES IN METALS BY 
GASOMETRIC METHODS. R. E. Taylor . 
HW-42663 (Rev.), May 1, 1956. 

The design and operat ion of a h igh-vacuum sys tem for 
the analysis of N,, Oj, and H, in Pu, Z r , and U a re de
scr ibed. Vacuum diffusion or vacuum extract ion r e 
sults for Hj normal ly agree within 5 ppm, and Oj 
values obtained are within 10%. 

1056. CHEMISTRY AND METALLURGY OF PLUTO
NIUM. Tecknica U., 223-4, Feb . 16 (1962). 

The use of Pu in var ious alloys for nuc lear r e a c t o r s 
and re la ted physical , chemical , and meta l lu rg ica l 
p roper t i e s is d i scussed . 

1057. PROCESS OF SECURING PLUTONIUM IN 
NITRIC ACID SOLUTIONS IN ITS TRIVALENT 
OXIDATION STATE. J . R. Thomas . 
U. S. Pa t . 2,849,277, Aug. 26, 1958. 

It has been found that the addition of a stabilizing or 
holding reductant such as sulfamate prevents reoxida
tion of Pu . F e r r o u s ions a re commonly used as the 
reducing agent. 

1058. CONTROLLED-POTENTIAL COULOMETRIC 
ANALYSIS OF DISSOLVER SOLUTIONS OF 
VARIOUS REACTOR FUELS. P , F . Thomason, 
W. D. Shults, B. B. Hobbs, E . L. Blevins . In 
TID-7581, AEC and Contrac tor SS Mater ia l s 
Management Meeting, May 25-28, 1959 
(Germantown, Maryland), pp. 182-9. 

The re su l t s obtained for U de terminat ion in d issolver 
solutions a r e d i scussed . Fo r control led potential 
ana lys is , only two conditions a r e n e c e s s a r y for accu
ra te determinat ion. The f irst is to c a r r y out the r e 
action so that only one react ion takes place; secondly, 
the total cu r ren t for the e lec t ro lys i s must be accurately 
integrated. 

1059. ADSORPTION METHOD FOR SEPARATING 
METAL CATIONS. E. R. Tompkins , 
G. W. P a r k e r , U. S. Pa t . 2 ,877,0 ,3 , March 10, 
1959. 

A solution containing U, Pu, and fission products can be 
separa ted and the fractions concentra ted by ion-
exchange techniques. Concentrat ion is effected by 
passing the solutions through success ive ly sma l l e r 
columns each t ime eluting with a considerably smal le r 
volume than that which contained the ions before 
adsorpt ion. 

1060. IONIC ANALYSES. P . F. Thompson, R. F . Big
g e r s , J. M. Chilton, In ORNL-2453, Analytical 
Chemis t ry Division Annual P r o g r e s s Repor t for 
Per iod Ending December 31, 1957. Jan. 30, 1958, 
pp. 1-7. 

This repor t concerns spectrunn of PuO; in sulfate 
media, autoreduction of PuO^^, by-products of the 
a lpha-par t ic le radiolysis of wa te r , and de te rmina t ion 
of Pu(lII) and (IV) in PUF3-PUF4 mix tu res contained in 
fused N a F - B e F ; . 



1061. PROCEDURES FOR THE SEPARATION OF 
PRODUCTS RESULTING FROM BOMBARD
MENT OF HEAVY ELEMENTS. R. Thompson. 
CC-3623, Sept. 23, 1946. 

A discussion of p rob lems encountered and methods 
used for separa t ion of the actinides from bombarded 
heavy element t a rge t s is presented. 

1062. PRECIPITATION METHOD FOR THE SEPARA
TION OF PLUTONIUM AND RARE EARTHS. 
S. G. Thompson. U. S. Pa t . 2,934,402, 
April 26, 1960. 

A method for purifying Pu is given. Te t rava len t Pu is 
precipitated with thor ium pyrophosphate , the Pu is 
oxidized to the hexavalent s ta te , and then impur i t i e s 
are precipitated with thor ium pyrophosphate . 

1063. MAINTAINING PLUTONIUM IN A HIGHER 
STATE OF OXIDATION DURING PROCESSING. 
S. G. Thompson, D. R. Mil ler . U. S, Pa t . 
2,892,676, June 30, 1959. 

Pu ions in an oxidation state ^± contained in an aqueous 
HNO] solution (2N to 8.5N) can be oxidized by e i ther 
BiOJ or Ce"*"̂  ions. The strong oxidizing agents should 
be present in an amount > a s to ich iomet r ic equivalent 
of the reduced Pu present , and a s to ichiometr ic amount 
of a UiO soluble d ichromate is needed as a relat ively 
weaker oxidizing agent. The t e m p e r a t u r e must be 
maintained between 20 and 95°C for longer than 
30 minutes. 

1064. ARSENATE CARRIER PRECIPITATION METHOD 
OF SEPARATING PLUTONIUM FROM NEUTRON 
IRRADIATED URANIUM. S. G. Thompson, 
D. R. Miller , R. A. Jones . U. S, Pa t . 2,989,367, 
June 20, 1961. 

A process is descr ibed for precipi ta t ing Pu from an 
aqueous solution, e i ther per se or with bismuth a r s e 
nate c a r r i e r , whereby a separa t ion from U and fission 
products is accomplished. 

1065. PHOSPHATE METHOD FOR SEPARATION OF 
RADIOACTIVE ELEMENTS. S. G. Thompson, 
G. T. Seaborg. U. S. Pa t . 2,799,553, 
July 16, 1957. 

The method is for separat ing Pu from U, ce r ta in 
fission products , and Np, The i r r ad ia t ed U is d i s 
solved in nitr ic acid, and the uranyl n i t ra te concen t ra 
tion is adjusted to about 22%. Sulfuric acid is added for 
a total acidity of 0.85 to I.24N. A soluble Bi compound 
is added to give a Bi ion concentra t ion of 1 to 2.5 g / l i t e r . 
Addition of a soluble phosphate then p rec ip i t a tes Bi 
phosphate, which c a r r i e s down substant ial ly all the Pu, 
leaving the bulk of the o the r s in solution. 

1066. MEASUREMENTS ON PHOENIX FUEL 
STANDARDS, T. B. Thornbury . HW-74796, 
Sept. 10, 1962. 

The B and Pu contents of the poison s tandards for the 
Phoenix Fuel exper iment were measu red in the P h y s i 
cal Constants Test ing Reac to r . This demons t r a t e s the 
use of the PCTR to m e a s u r e the quantity of f iss i le 
material in a sample by varying the re la t ive wor ths of 
the fast and t h e r m a l neu t rons . 

1067. PAPERS PRESENTED AT THE BELGIUM 
SYMPOSIUM ON CHEMICAL REPROCESSING, 
BRUSSELS, May 20-24, 1957. TID-7534, 
Books I , 2, 3. 

Included a r e papers on the conversion chemis t ry of 
plutonium ni t ra te and performance of a Pu reflux 
solvent extraction sys tem. 

1068. PLUTONIUM ION EXCHANGE PROCESSES. 
PROCEEDINGS OF THE US-UK TECHNICAL 
EXCHANGE MEETING, Oak Ridge National 
Laboratory, April 25-27, 1960. TID-7607. 

The chemis t ry of Pu in both anion and cation applica
tions a re reviewed. 

1069. CONCENTRATION AND PURIFICATION OF 
URANIUM, PLUTONIUM, AND NEPTUNIUM BY 
ION EXCHANGE IN NUCLEARLY SAFE EQUIP
MENT. F . W. Tober. P r o c . 2nd Intern. Conf. 
Peaceful Uses Atomic Energy, Geneva. 1958, 
17, 574, United Nations, New York, 1958, 

The initial products from the process ing of i r rad ia ted 
fuel e lements a re usually relatively dilute solutions of 
U, Pu, or Np, which must be concentrated and further 
purified. Ion exchange has proved to be a useful method 
for accomplishing these object ives. 

1070. CONCENTRATION OF PLUTONIUM BY CATION 
EXCHANGE-STABILIZATION OF Pu(in) IN 
NITRIC ACID. F . W. Tober , E . R. Russe l . 
DP-349, Feb 1959. 

A study to define the effectiveness l imits of sulfamic 
acid and to discover other better s tab i l izers for Pu(IIl) 
is descr ibed. Ascorbic and isoascorbic ac ids , used in 
conjunction with sulfonic acid, reduced Pu(IV) to stable 
Pu(III) in ni tr ic acid. 

1071 SAFETY REVIEW OF MANUFACTURING 
FACILITIES CHEMICAL PROCESSING DEPART
MENT. R. E. Tomlinson. HW-69586 (Rev.), 
June 23, 1962. 

Safety procedures for the Redox and Purex solvent-
extract ion plants and the plant for process ing Pu to 
metal l ic buttons and weapons components a r e 
presented . 

1072 LIQUID SCINTILLATION COUNTING OF 
PLUTONIUM-239 FROM BIOLOGICAL SAMPLES. 
T. Y. Tor iba ra , D. A. Morken, C. P r e d m o r e . 
UR-607, Jan. 23. 1962. 

The conditions for measur ing P u " ' activity from bio
logical samples by liquid scintil lation counting were 
determined. It was found that considerable quantit ies 
of Fe may be tolerated in the final counting solution if 
phosphoric acid is added to form a co lor less complex. 

1073 THE SEPARATION AND DETERMINATION OF 
PLUTONIUM IN DIVERSE BIOLOGICAL 
SAMPLES. T. Y. Tor iba ra , C. P r e d m o r e , 
P . A. Hargrave . UR-606, Jan. 22, 1962, 

The separat ion scheme for Pu is based on the a b s o r p 
tion of an anionic form of te t ravalent Pu in a strong 
hydrochlor ic acid solution by a s t rong-base anion-
exchange res in . Final es t imat ion was made by liquid 
scinti l lat ion counting. 



1074. TERTIARY AMINE EXTRACTION AND PURIFI
CATION OF PLUTONIUM. M. D. Trent inian, 
A. Chesne. Transla t ion of AEC- t r -5018 , I960. 

Tr i laurylamine diluted with dodecane was used in a 
study dealing with the extract ion cha rac t e r i s t i c s of Pu, 
U, and cer ta in fission products in n i t ra te solutions and 
in various valence s t a tes . 

1075. LABORATORY INVESTIGATIONS IN SUPPORT 
OF FLUID BED FLUORIDE VOLATILITY 
PROCESSES. PART III. SEPARATION OF 
GASEOUS MIXTURES OF URANIUM HEXA
FLUORIDE AND PLUTONIUM HEXAFLUORIDE 
BY THERMAL DECOMPOSITION. 
L. Trevorrow, J . F i sche r , J. Riha. 
ANL-6762, Aug 1963. 

Gaseous mixtures of the mixed fluorides were passed 
through Ni vesse l s packed with Ni wool at var ious 
tempera tures from 150 to 300°C. About 99-5-99.9% of 
the Pu was removed. The solid product remaining in 
the vessels was plutonium te t raf luor ide . The method 
is applicable to recovering fissile ma te r i a l from 
reactor fuels. 

1076. A METHOD OF DETECTING PLUTONIUM BY 
GAMMA SPECTROGRAPHY AT 17 keV: 
APPLICATION OF MEASUREMENT OF RADIO
ACTIVE CONTAMINATION IN MAN. M. Trouble . 
AEC- t r -5251 . Trans la ted from Proceedings of 
the Symposium on Selected Topics in Radiation 
Dosimetry, held in Vienna, June 7-11, I960, 
International Atomic Energy Agency, Vienna, 

pp. 237-41. 

1077. THE PREPARATION OF SAMPLES FOR ALPHA 
COUNTING BY THE DIRECT EVAPORATION OF 
ORGANIC SOLUTIONS. D. G. Tuck. Anal. Chim. 
Acta 17. 271-4 (1957). 

By heating the per iphery of the t ray , a suitable t e m 
perature gradient is maintained ac ross the t r ay , giving 
smooth evaporation of the solvent to leave a deposit 
which is suitable for alpha counting. 

1078. THE PROPERTIES OF INORGANIC COM
POUNDS IN ORGANIC SOLVENTS. I. THE 
HYDROLYSIS AND POLYMERIZATION OF 
QUADRIVALENT PLUTONIUM NITRATE 
SPECIES IN DIETHYLENE GLYCOL DIBUTYL 
ETHER. D. G. Tuck. J . Inorg. Nucl. Chem. _6, 
252-6 (1958). 

Color changes in weak acid solution of Pu(lV) ni t ra te 
in ethylene glycol dibutyl ether have been shown to be 
due to hydrolysis and subsequent formation of a poly-
nneric form of Pu(lV), which shows many c o r r e s 
pondences with the colloid formed in aqueous solutions. 

1079. ISOTOPIC ANALYSIS OF PLUTONIUM AND 
URANIUM BY MASS SPECTROMETER. 
A. H. Turnbull , D. F . Dance. A E R E - C / R - 2 7 7 6 , 
Dec 1958. 

The techniques, sensit ivity, and accuracy of the nnethod 
used for the isotopic analysis of U and Pu a r e d i s 
cussed. A Metropol i tan-Vickers Type M55 nnass 
spectronneter was used. 

1080. X-RAY FLUORESCENCE ANALYSIS OF 
PLUTONIUM. W. S. Turnley . Talanta _6, 
189-95 (1960). 

An X- ray f luorescence method using Y as an in ternal 
s tandard was developed for the quantitative de t e rmina 
tion of Pu. The range of the method is f rom 10 ppm to 
100% Pu for solid s ample s , and f rom 5 to 250 g / l i t e r 
for liquid samples . The method is applicable to a lmost 
all types of samples and is a lmost completely free 
from cationic and anionic in te ferences , 

1081. THE DETERMINATION OF LOCALIZED CON
CENTRATION OF Pu"'^ IN BONE. J, A. Twente, 
W. S, S. J e e . Health P h y s . J ^ 142-8 (June I96 l ) . 

A microdens i tomet r ic technique of measur ing localized 
concentrat ions of a-emit t ing radionucl ides was used to 
de te rmine the Pu"^ in bone. The accuracy of the tech
nique was verified by comparing the Pu^'^ content of a 
thorac ic ve r t ib ra l cen t rum de te rmined mic rodens i to -
metr ica l ly with the Pu^^^ content of an adjacent cent rum 
m e a s u r e d radiochemical ly . The amount found m i c r o -
dens i tometr ica l ly was 76% of that de te rmined 
radiochemical ly . 

1082. HAZARDS CONTROL QUARTERLY REPORT 
NO. 6, JULY-SEPTEMBER, 1961. Lawrence 
Radiation Labora tory , L i v e r m o r e . 
UCRL-6658 (Rev.). 

A so l id - s ta te , continuous, alpha air monitor is de
scr ibed with which it is possible to detect one nnax
imum pe rmis s ib l e concentrat ion of Pu in l ess than 
8 hr of sampling t ime . 

1083. ANALYZING FOR LOW ENERGY GAMMA 
EMITTERS IN A RADIONUCLIDE MIXTURE. 
U. L. Upson, R. E . Connally, M. B. Leboeuf. 
Nucleonics H , No. 4, 38-42 (1955). 

Pu is nneasured in the p resence of nnixed fission prod
ucts through its 100 keV. Gamma rays with a 2 - m m 
Nal(Tl) c rys ta l , and a stable s ingle-channel pulse 
height analyzer a r e considered. The detect ion l imit 
is 30 m g / l . 

1084. SACLAY HOT CELLS ADVANCE PLUTONIUM 
FUEL PROGRAM. A. Valentin. Nucleonics 20, 
No, 7, 845 (1962). 

Pu handling equipment assoc ia ted with the Saclay hot-
cell facility is descr ibed . 

1085. THE OPTICAL SPECTRUM OF PLUTONIUM 
AND ITS HYPERFINE STRUCTURE. 
M. Van den Berg , P . F . Klinkenberg. Phys ica 
1 1 , 461-80 (1954). 

The spectrunn of Pu, excited in a hol low-cathode d i s 
charge , was observed in the region 2900-6400A with 
prisnn spec t rographs . 

1086. A COMPARISON OF TWO METHODS FOR THE 
SPECTROCHEMICAL ANALYSIS OF PLUTO
NIUM. H. H. Van Tuyl. HW-15846, Feb . 1, 1950, 

Comparison of analyses of Pu by the c a r r i e r concen
t ra t ion and cupferron ext rac t ion-copper spa rk methods 
show divers i t ies as high as a factor of 50. Analyses by 
direct copper spark and theore t ica l cons idera t ions all 



indicate the ca r r i e r - concen t r a t i on method is more 
accurate than the cupferron method for all e l emen t s . 

1087. SPECTROGRAPHIC ANALYSIS OF PLUTONIUM 
BY THE THENOYLTRIFLUOROACETONE 
EXTRACTION METHOD. H. H. Van Tuyl . 
HW-28530, June 29, 1953. 

Impurities a r e separa ted from Pu solutions by means 
of TTA ext rac t ions . 

1088 DISTRIBUTION OF FISSION PRODUCTS IN 
ETHER EXTRACTION PROCESS, V . M. Vdovenko. 
P roc . 2nd Intern. Conf. Peaceful Uses Atomic 
Energy, Geneva, 1958, VJ, 175, United Nat ions , 
New York, 1958. 

The behavior of fission products in the ext ract ion of U 
and Pu with diethyl ether and a mix ture of dibutyl 
ether with carbon te t rachlor ide is desc r ibed . 

1089. SEPARATION OF URANIUM AND PLUTONIUM 
FROM FISSION PRODUCTS BY EXTRACTION 
WITH DIBUTYL ETHER. V. M. Vdovenko, 
M. P . Kovalskaia. P r o c . 2nd In tern . Conf. 
Peaceful Uses Atomic Energy, Geneva, 1958, 
n , 329, United Nations, New York, 1958, 

The results of studies on f i ss ion-products behavior in 
the extraction of Pu and U by diethyl ether and a mix
ture of dibutyl ether with carbon t e t r ach lo r ide a r e 
presented. Zr and Ru were most difficult to s epa ra t e . 

1090. SPECTROPHOTOMETRIC STUDIES OF P L U 
TONYL NITRATE COMPLEXES IN ACETONE. 
V. M. Vdovenko, A. A. Lipovskii , M. G. Kuzina. 
Radiokhimiya i , 301-6 (1960). 

The composition of the complexes and thei r evolution 
were determined in acetone . 

1091. PRINCIPLES OF VACUUM DISTILLATION OF 
METAL MIXTURES. J . E . V i v i a n . LRL-88 , 
March 1954. 

The principles of vacuum dis t i l la t ion, as applied to 
separation of mixtures of m e t a l s , have been cr i t ica l ly 
reviewed. 

1092. REMOVAL OF PLUTONIUM FROM URANIUM 
BY MOLTEN METAL EXTRACTION. 
A. F . Voight, R. G. Clark , J . G. Gonser , D. L. 
Haes, G. J. Lutz, K. L. Malaby. IS-470, 
May 1962. 

The extraction of Pu from molten U with immisc ib le 

molten meta l s , Ag, La, and Ce, was invest igated. 

1093. LIQUID-METAL EXTRACTION FOR PROCESS
ING OF SPENT FUEL. A. F . Voight, A. H. 
Daane, E. H. Dewell, R. G. Cla rk , J . E. Gonser , 
J . F . Haefling, K. L. Malaby. A.I .Ch.E. Journ . 2., 
169-73 (1956), 

Pu and fission products can be removed from i r r a 
diated U by l iqu id-meta l ext rac t ion by use of another 
metal immisc ib le with U. Metals studied have been 
Ag, Ce, and La. Pu removed by Ag is high, that r e 
moved by the r a r e - e a r t h me ta l s is mode ra t e . In all 
cases, volati le e l emen t s , including Cs , Sr , and Ba, 
are removed. R a r e ea r th s a r e efficiently removed. 
Ru and Mo a re la rgely unaffected. Exper iments with 

synthetic fuels corresponding to long burnup periods 
show improved removal of most e lements . Repeated 
batch extract ions indicate that a continuous p rocess 
separat ing the fuel into U, Pu, and fission product 
fractions could be developed. 

1094. DETERMINATION OF PLUTONIUM AEROSOLS 
IN THE PRESENCE OF LARGE AMOUNTS OF 
URANIUM. A. M. Vorobev, V. P . Kuzmina. 
Gigiena i Sanit. .28(9), 54-5 (1963). 

The aerosols a re collected on a filter by aspirat ion, 
the filter destroyed with HNO, and H^Oj, and the Pu 
separa ted from the U by extraction of the (IV) form 
with TTA in PhMe. Pu is extracted with HNO, from 
the PhMe and precipitated for counting by the BiPO, 
method. 

1095. THE CORROSION BEHAVIOR OF PLUTONIUM 
AND URANIUM, J . T . W a b e r . P r o c . 2nd Intern. 
Conf. Peaceful Uses Atomic Energy, Geneva, 
1958, ^ , 204, United Nations, New York, 1958, 

The many s imi lar i t ies in the chemical reactivity of Pu 
and U were used to gain a deeper understanding of the 
mechanisms involved in the cor ros ion behavior of these 
metals and their alloys, 

1096. THE CORROSION OF PLUTONIUM. J . T . W a b e r , 
E . S . W r i g h t . LADC-3107. In The Metal P lu to
nium, The University of Chicago, Chicago, 1961, 
pp. 194-204. 

The corros ion behavior of Pu in moist and dry air at 
t empera tu res up to 75°C and in pure oxygen at high 
t empera tu res was investigated. 

10,7. PROCESS FOR THE REDUCTION OF PLUTO
NIUM. R .Wagne r . Canadian Pat . 626,591, 
Aug. 29, 1961. 

Ascorbic acid is recommended as a fast reductant of 
Pu(IV), even in the presence of ni t r ic acid. Its use is 
recommended for use in the TBP p rocess where both 
U and Pu are extracted and Pu is back-ext rac ted after 
reduction to Pu (m) . 

1098. PROCESS FOR SEPARATING PLUTONIUM 
FROM IMPURITIES. A. C. Wahl. 
U. S. Pat . 2,813,004, Nov. 12, 1957. 

It has been found that if the Pu is reduced to its 3 + 
valence state, and the U present is left in its higher 
valence s ta te , then the differences in solubility between 
cer ta in salts (e.g., oxalates) of the t r ivalent Pu and the 
hexavalent U can be used to separate the me ta l s . 

1099 PROCESS OF SEPARATING PLUTONIUM 
' VALUES BY ELECTRODEPOSITION. A. C. Wahl. 

U. S. Pat . 2,630,939, April 15, 1958. 
The process consis ts of subjecting an aqueous 0.1 to 
1 ON nitr ic acid solution containing Pu ions to e l ec 
t ro lys i s between inert metall ic e lec t rodes . 

1 100 THE PHYSICAL PROPERTIES AND ALLOYING 
' BEHAVIOR OF PLUTONIUM METAL, 

M. B. Waldron. At. Nucl. Energy 1 , 363-6 (1957). 

The subject is reviewed under the following headings: 

toxicity glovebox work, a l lo t ropes , expansion, other 

physical p rope r t i e s , and alloying behavior . 



1101. THE FIRST ISOLATIONS OF THE TRANSURA
NIUM ELEMENTS - A HISTORICAL SURVEY, 
J, C. Wallmann. J, Chem. Educ. 16, 340-3 
(July 1959). 

A short h i s tor ica l survey of Pu, Np, Am, C, Bk, and 
Cf is presented . 

1102. ELECTROPHORETIG DEPOSITION OF P L U 
TONIUM. (A FEASIBILITY STUDY.) 
K. A. Walsh. LA-2153, July 18, 1957. 

Electrophoret ic deposition of plutonium hydride from 
suspensions in n-butyl alcohol and other organic 
liquids was examined for its feasibility in the p r ep 
aration of thin sections of Pu metal . 

1103. STUDIES OF NUCLEAR DEBRIS IN PRECIPI
TATION. A. Walton, R. E. F r i ed . NYO-9530, 
Aug. 15, 1961. 

A summary repor t was prepared from the studies of 
nuclear debris in precipi tat ion at Westwood, New 
J e r s e y . Pa r t i cu la r attention is given to descr ipt ions 
of the methods of collection and the radiochemical 
procedures used for the assay of cer ta in radionucl ides, 
such as Sr^^ Sr«^ w '«^ C e ' « , Ba^*', and Pu. 

1104. THE USE OF TTA FOR THE ESTIMATION OF 
PLUTONIUM IN TRACER QUANTITIES. 
G. N. Walton. A E R E - C / M - 3 7 , Sept 1949. 

Existing available infornnation about TTA and its use 
is summarized. An analytical method is given for the 
tetravalent Pu extraction from the t r i - and hexavalent 
s ta tes . Equil ibria involved a r e given. 

1105. THE COPRECIPITATION OF SMALL AMOUNTS 
OF PLUTONIUM ON LANTHANUM FLUORIDE 
IN THE PRESENCE OF URANIUM. 
G. N. Walton, E. Furby, V. Owen. 
A E R E - C / R - 2 3 8 8 , 1958. 

The LaFs technique is unsuitable for Pu in the p r e s 
ence of U. The absorbed ma te r i a l cannot be washed 
off by repeated precipi tat ion or washing. The abso rp 
tion effect can be minimized by using the snnallest 
amounts of precipitant , but not l e ss than 50/jg of La 
should be used, 

1106. THE QUENCHING ACTION OF PLUTONIUM 
AND IRON ON THE FLUORESCENCE OF 
URANIUM IN SODIUM FLUORIDE PHOSPHORS. 
G. N. Walton, G. Hutton, J . A. W. Dalziel . 
A E R E - C / R - 9 6 6 , July 30, 1952. 

The t ransmiss ion of NaF to ul traviolet light at differ
ent wavelengths shows that NaF alone, or when con
taining Fe , has no absorption bonds, Fe does have 
strong quenching action, but Fe does not quench by 
light absorption. It is decided that the init ially-
excited states of U and not the metas table f luorescent 
a re subject to quenching by Fe . F o r s t e r ' s theory is 
cr i t icized in that it fails to predict self-quenching. 
The absence of detectable quenching in Pu compounds 
is d iscussed. 

1107. THE POLAROGRAPHIC BEHAVIOR OF 
VARIOUS METAL IONS IN PLUTONIUM 
SOLUTIONS. C. G. War ren . LA-I843 (Del.), 
July 1953. 

The repor ted p rocedures for the polarographic de t e r 
mination of U, V, and Ti in Pu were invest igated to 
see if they could be used for other common meta l s in 
Pu . It was found that the p rocedure using hydroxyl 
amine to reduce Pu to the (m) oxidation s ta te could be 
used to determine Bi, Pt , Rh, Cu, Sn, P b . Tl, In, and 
Cd. The procedure using Zn and Zn ama lgam in 
hydrochlor ic acid to reduce Pu to the (lH) oxidation 
state is quite l imited but might be used to de te rmine Mo. 

1108. TURBIDIMETRIG MICRODETERMINATION OF 
SULFATE IN PLUTONIUM SOLUTIONS. 
H. D. War ren , A. Bruns tad . HW-55349, 
March 14, 1958. 

The method is based on the removal of Pu with a 
cation-exchange res in , followed by formation of a 
ba r ium sulfate suspension and m e a s u r e m e n t of optical 
density of the suspension with a spec t rophotomete r . 
The method is used for 0.02-lOM sulfate using a 
50-micro l i t e r sample . P r e c i s i o n is ±3% for a single 
resu l t expressed as the s tandard deviation. Pu present 
in five-fold nnolar excess does not i n t e r f e re . 

1109. SOLUBILITY OF PLUTONIUM(IV) SULFATE IN 
NITRIC ACID SOLUTIONS. H . D . W a r r e n , 
A. Brunstad. HW-55357, March 14, 1958. 

The solubility of Pu(lV) sulfate in 2, 4, and 6M ni t r ic 
acid solutions was de termined at 25''C, and in 6M HNO3 
at 55''C. 

1110. PROCEEDINGS OF THE SECOND ANNUAL 
MEETING ON BIO-ASSAY AND ANALYTICAL 
CHEMISTRY, OCTOBER 11 AND 12, 1956. 
WASH-736, Sept. 27, 1957. 

Topics d iscussed included the toxicology of Pu. 

1111. RADIOCHEMICAL DETERMINATION OF PLU
TONIUM IN THE JN-1 IRRADIATED URANIUM. 
K. Watanabe. J. At. Eng. Soc. J a p a n l , 
497-501 (July 1961). 

An anion-exchange colunnn was used to sepa ra t e Pu 
from U and fission products using a 7N ni t r ic acid 
solution. The Pu was eluted with hydroxylamine . The 
hydroxylamine was rennoved by passing the solution 
over a Dowex-50, cat ion-exchange r e s in . 

1112. FINAL SAFETY EVALUATION OF PLUTONIUM 
PROCESSING TO BE PERFORMED IN THE 
HEAVY ELEMENT PROCESSING FACILITY. 
J . Watcher . MND-P-2396, Sept I960. 

The potential haza rds assoc ia ted with the handling and 
process ing of Pu'̂ ^® and Pu^^' were evaluated. 

1113. THE DETERMINATION OF INDIUM IN INDIUM 
PLUTONIUM SOLUTIONS. G. R. Waterbury , 
LA-1189 (AECD-3845), Dec. 12, 1950. 

In this p rocedure , the Pu is initially sepa ra ted as the 
peroxide followed by the quantitative precipi ta t ion of 
indium diethyl d i th iocarbamate from a slightly acidic 
solution. The suggested range is 5-50 mg of In per 



I D ., f...^m 99 4 to 100.5%, with 
sample. Recover ies ranged I rom •?7.^ 
an average prec is ion of 2.3/1000 on known Pu- In 
solutions. 
1114. MODIFIED SARGENT-MALMSTADT AUTO

MATIC TITRATOR FOR REMOTE CONTROL 
USE WITH PLUTONIUM SOLUTIONS. 
G. R. Waterbury . Anal. Chem. 1 1 , 1138 (1959). 

Several modifications to adapt the commerc ia l ly ava i l 
able, differential-potentiometric automat ic t i t r a to r for 
use with Pu solutions, and to improve p a r t s of it for 
specific purposes include replacing the gravity-flow 
buret with a motor -dr iven syringe buret , replacing the 
s t i r rer with a magnetic s t i r r e r , rewir ing the t i t r a to r 
for remote operation inside a Pu dry box or hood, and 
adding a mic roammete r to indicate potential changes . 

1115. SEPARATION AND DETERMINATION OF 
MICROGRAM AMOUNTS OF MOLYBDENUM IN 
PLUTONIUM. G. R. Waterbury, C. E, Br i cke r . 
Anal. Chem. « , 129-35 (1957). 

Mo is extracted from HCl-HF solution with hexone and 
back-extracted with wate r . Fe is removed by p rec ip i 
tation with NaOH. The color is developed with ch lora
nilic acid in 1-4M HCIO4 and m e a s u r e d at 350 mu. 
Sn, W, and Bi in te r fere . Recovery is about 
99.8%, with a s tandard deviation of 1.6%. 

1116. PRECISE DETERMINATION OF PLUTONIUM 
BY POTENTIOMETRIC TITRATION. 
G. R. Waterbury, C. F . Metz. Anal. Chem. .3J, 
1144 (1959). 

Macro amounts of Pu a r e quantitatively oxidized with 
fuming perchloric acid, and Pu(VI) is reduced to Pu(IV) 
with a slight excess of s tandard Fe(II) solution, which 
is then t i t rated automatically with Ce(IV). Of 26 
foreign metals investigated, Cr , Au, Mn, V, and Pt 
seriously interfered. The spec t rophotomet r ic t i t ra t ion 
of Pu is also d iscussed. 

1117. THERMOGRAVIMETRIC BEHAVIOR OF PLU
TONIUM METAL, NITRATE, SULFATE, AND 
OXALATE. G. R. Waterbury , R. M. Douglass , 
C. F , Metz, Anal. Chem. 21. 1018-23 (1961). 

Athermo balance for analysis of Pu samples is de
scribed. The subject compounds were studied in the 
range of 20-1250°C, and oxides produced were exam
ined microscopically and by X- ray powder diffraction. 
The final dioxides from all s amp le s , except the n i t r a te , 
contained excess oxygen after 4 hours at 1250°C, Only 
the sulfate formed a s table , i n t e rmed ia t e , anhydrous 
plutonium sulfate which might be used in the g rav i 
metric determinat ion of Pu, 

1118. METHOD OF SEPARATING PLUTONIUM FROM 
LANTHANUM FLUORIDE CARRIER. G.W. Watt, 
R. H. Goeckermann. U. S. Pat . 2,838,371, 
June 10, 1958, 

The method r e l a t e s to the separat ing of Pu from La 
ions in an aqueous 0.5 to 2.5N ni t r ic acid solution by 
treating the solution, at room t e m p e r a t u r e , with a m m o 
nium sulfite in an amount sufficient to reduce the hexa
valent Pu presen t to a lower valence s ta te , and then 
treating the solution with H2O2, thereby forming a 
tetravalent plutonium peroxide prec ip i ta te . 

1120. THE DISTRIBUTION OF PLUTONIUM TRACER 
BETWEEN METALS AND THEIR MOLTEN 
HALIDES. III. FURTHER EXPERIMENTS IN 
THE URANIUM-URANIUM BROMIDE SYSTEM 
INCLUDING EXPERIMENTS WITH THORIUM 
TRACER. IV. THE MANGANESE-MANGANOUS 
CHLORIDE SYSTEM. V. THE CALCIUM-
CALCIUM CHLORIDE SYSTEM. R. A. Webster . 
CK-1359, Feb. 1, 1944, 

Additional studies on above systems indicate that Pu is 
more electroposit ive than U and Mn, and less e l ec t ro 
positive than Ca. 

1121, THE DISTRIBUTION OF PLUTONIUM TRACER 
BETWEEN METALS AND THEIR MOLTEN 
HALIDES. THE URANIUM-URANIUM BROMIDE 
SYSTEM, n . THE LEAD-LEAD CHLORIDE 
SYSTEM. R. A. Webster, B, J. Fontana. 
CK-942. 

Studies were initiated on h igh- tempera ture oxidation-
reduction relation of Pu in U-UBr, and Pb-PtCl2 
sys t ems . Pu appears to be more electroposi t ive than 
U or Pt. 

1123. THE DETERMINATION OF PLUTONIUM BY 
MASS SPECTROMETRY USING A [242] PLU
TONIUM TRACER. R. K. Webster , A. A. Smales , 
D. F . Dance, L. J. Slee. Anal. Chim. Acta .21, 
371-380 (1961). 

An isotopic dilution method is descr ibed tor determining 
Pu in samples of i r radiated U using a Pu"^ t r a c e r . An 
aliquot of t r a c e r is added to the sample, and the mix
ture is t reated to insure isotopic exchange; Pu is then 
separated by an ion-exchange procedure , and an i so
topic analysis is made using an MS5 mass 
spec t romete r . 

1123 DETERMINATION OF PLUTONIUM IN NATURAL 
URANIUM FUEL ELEMENTS. R. K. Webster , 
D, F . Dance, L. J. Slee. Anal. Chim. Acta 14, 
509-25 (1961). 

A procedure is described for determining the 
(total Pu)/( total U) concentration rat io for a given 
solution by an isotopic dilution method. A possible 
application of the method would be its use for Pu 
accounting analyses in a chemical plant process ing 
natural U fuel e lements , an important feature being 
the near elimination of the effect for plant sampling 
e r r o r s , 

1124 CRITICAL MASS STUDY FOR CYLINDRICAL 
' GEOMETRY AS A FUNCTION OF RADIUS TO 

HEIGHT RATIO. R. A. Weir. LWS-24712, 

Jan. 20, 1953. 
Resul ts a re presented of a study on the manner of 
var iat ion of the cr i t ica l mass of Pu and the peak- to -
average power production ratio in a ba re cyl indrical 
r eac to r core . Results indicate that increasing the 
rat io of the cr i t ical radius to the cr i t ica l height from 
0 5 to 1 0 would entail a cr i t ica l mass inc rease of 227.. 



1125. RADIOCHEMICAL DETERMINATION OF PLU
TONIUM IN URINE. H. V. Weiss , W. H. Ship-
man. Anal. Chem. 1 1 , 37-9 (1961). 

Pu was co-crys ta l l i zed with potass ium rhodizonate 
from ur ine . It is then purified from interfering sub
stances by coprecipitat ion with La sal ts and ion ex
change. Finally, the radio element was electrodeposi ted 
onto a Ta disk and alpha-counted. Average recovery 
was about 91.38 ± 5%, and the analysis t ime is about 
5-6 hours . 

1116. A PRELIMINARY DISCUSSION OF THE RATIO 
OF CAPTURE TO FISSION (PRELIMINARY 
DRAFTS). V. F . Weisskopf. NDA-Memo-15B-1 , 
July 23, 1952. 

Two methods for measur ing a at energies higher than 
500 eV are discussed. The first method consis ts of 
wrapping samples in shields of different thickness and 
composition and i r radiat ing them in a reac to r . A mass 
spect rometer is used to measure the amount of U 
and Pu^*" produced. The second method involves mea
surement of la rger coefficients for var ious samples in 
different r eac to r s and different locations. 

1127. THL DETERMINATION OF HEAVY METAL 
FLUORIDES BY PYROHYDROLYSIS. G.A.Welch , 
N. P a r k e r , WSL-R-36, June 17, 1952. 

A method for determining Th, U, and Pu fluorides by 
pyrohydrolysis at 1000°C in a cur ren t of s team is p r e 
sented. The fluoride is determined by t i t rat ion with 
standard alkali. 

11Z8. A METHOD FOR THE RAPID DETECTION OF 
PLUTONIUM DUSTS IN AIR. G. M. Wells . 
RDB(W)TN-I09, Oct 1953. 

Air is drawn through a filter paper . The filter paper 
is ashed and t reated with ni t r ic acid. The t ray in 
which the paper is ashed is then heated to 1200- 1300°G 
to "boil off" all the natural activity leaving only the Pu, 
which may then be counted in the nornnal manner . 

1129. SPECTROCHEMICAL DETERMINATION OF 
BORON IN PLUTONIUM AND URANIUM FOL
LOWING CATION-EXCHANGE SEPARATION. 
A. W. Wenzel, C. E. P i e t r i . In NBL-204, Semi
annual P r o g r e s s Report (On Chemistry) for the 
Per iod January 1963 through June 1963. 
Dec 1963, pp. 71-73. 

Mannitol was used to prevent volatil ization losses of 
B during evaporative concentrations of the B-r ich 
effluent. Zn was used as an internal s tandard. Resul ts 
on B-spiked Pu and U solutions showed essential ly 
quantitative recovery in the 3- to 30-ppm range. 

1130. EMISSION SPECTROGRAPHIC ESTIMATION OF 
AMERICIUM IN PLUTONIUM. A. W. Wenzel, 
C. E. P i e t r i . In NBL-204, Semiannual P r o g r e s s 
Report (On Chemistry) for the Per iod January 
1963 through June 1963. Dec 1963, pp. 65-69. 

The method is quantitative in the 10- to 120-ppm range 
and, es t imates nnay be made in the r e s t of the 1- to 
about 200-ppm range. Grea te r sensitivity was obtained 
when standards were p rocessed in IN HNO3 instead of 
8N H N O J . 

1131. PURIFICATION OF PLUTONIUM SULFATE 
TETRAHYDRATE BY RECRYSTALLIZATION 
AND ION EXCHANGE. A. W. Wenzel, 
C. E. P i e t r i . Anal. Chem. 1 5 , 1324 (1963). 

An anion-exchange res in , Dowex-1 x 10 or AGI is used. 
The impur i t ies a re washed from the column with 8N 
ni t r ic acid, after which the Pu was eluted with 0.35N 
ni t r ic acid and crys ta l l ized as the t e t r a h y d r a t e . 

1132. SEPARATION OF PLUTONIUM FROM AMER
ICIUM. L . B . W e r n e r . U. S. Pa t . (Appl.) 72,754, 
Official Gaz. 663, 1220, 1952. 

Am is separa ted from contaminants in an aqueous solu
tion by s t i r r ing with Pu-V c a r r i e r and centrifuging. 
After 40 hours , the Pu-V precip i ta te is centrifuged and 
washed with carbonate solution. A method for p r e 
paring the Pu-V c a r r i e r is given. 

1133. METHODS OF CONCENTRATING FISSIONABLE 
MATERIAL. L. B. Werner , B. A. F r i e s , 
G. T. Seaborg. U. S. Pa t . 2,776,185, Jan , 1, 1957. 

The specification desc r ibes a p r o c e s s for concentrating 
dilute Pu solutions. It cons is t s of a l te rna te ly using La 
and Nb c a r r i e r precipi ta t ions and redissolving each 
precipi ta te in a substantial ly smal le r volume of solvent 
than that from which it was prec ip i ta ted . 

1134. METAL RECOVERY PROCESS. L. B. Werner , 
O. F . Hill. U. S. Pa t . 2,815,265, Dec. 3, 1957. 

A p rocess is presented for separat ing Pu from the 
niobium oxide which is frequently used as a c a r r i e r 
precipi ta te to separate the Pu from solutions of d i s 
solved fuel e lements , 

1135. THE INVESTIGATION OF SOFT RADIATIONS 
FROM Pu"^ AND U"^ WITH A PROPORTIONAL 
COUNTER. D. West, J . K. Dawson, C. J . Man
dleberg. A E R E - N / R - 9 0 2 , Apri l 28, 1952. 

Pu^^^ emits the L X-radia t ion of U with an intensity of 
4 ± 1 X 10"^ L X rays per pa r t i c l e . Û -*̂  emi ts the 
L X-radia t ion Th. Data a r e also given on gamma 
radiat ions from both P u " ' and U " ^ 

1136. SOLUBILITY DATA ON INORGANIC COM
POUNDS OF RARE EARTHS, PROTOACTINIUM, 
THORIUM, URANIUM, NEPTUNIUM, AND PLU
TONIUM. S, Wexler . CL-1039, Nov. 5, 1943. 

Data a re given in tabular form. 

1137. ANION EXCHANGE RECOVERY OF PLUTO
NIUM FROM THE HANFORD 234-5 BUILDING 
BUTTON LINE. TASK I. OXALATE FILTRATE. 
E. J . Wheelwright. HW-75309, Nov. 13, 1962. 

The Pu lost to the Task I oxalate f i l t rate can be r e 
covered by the n i t r i c acid anion-exchange p r o c e s s . 

1138. SPECIAL RESEARCH PROBLEMS. J . C. White, 
P . F . Thomason, InORNL-3397 , Analytical 
Chemis t ry Division Annual P r o g r e s s Repor t for 
Per iod Ending December 31, 1962. Feb . 8, 1963, 
pp. 26-38. 

Absorption studies of Pu were continued to deternnine 
the kinet ics of polynnerization and depolynnerization of 
Pu"*" in n i t ra te solutions and to deternnine the p rope r t i e s 



of the polymer with respec t to such p a r a m e t e r s as 
acidity, t e m p e r a t u r e , and ionic concentration, 

1139. DESIGN AND OPERATION OF THE HANFORD 
PLUTONIUM METALLURGY INSTALLATIONS. 
O. J . Wick, I. D. Thomas. P r o c . 2nd In tern . 
Conf. Peaceful Uses Atomic Energy, Geneva, 
1958, i l , 531, United Nations, New York, 1956, 

The philosophy of Pu handling on a la rge scale is 
described in detail . 

1140. SOME CUMULATIVE YIELDS OF ISOTOPES 
FORMED IN THE THERMAL NEUTRON FIS
SION OF P u " ' . D. M. Wiles , J . A. P e t r u s k a , 
R. H. Tomlinson, Can. J . Chem. ^4^ 
227-32 (1956). 

The relative yields of C s , Ce, Nd, and Sm produced by 
neutron fission of Pu^" have been de te rmined with a 
mass spec t rometer . P r e l im ina ry yield values of 
16 isotopes of these e lements have been ass igned, along 
with four yields of Xe isotopes by means of isotope 
dilution techniques. 

1141. DISSOLUTION OF A PLUTONIUM METAL 
BILLET IN NITRIC ACID. V . J . Wilkinson, 
J. A. Peacegood. R D B ( W ) / T N - 7 7 , June 1953. 

A 240-gram billet of Pu metal was dissolved com
pletely in one l i ter of 16N ni t r ic acid to which 4 g r a m s 
of HF were added. A solution ra te of 0.2 g r a m s / c m / 
hour was achieved. 

1142. EXTRACTIVE AND PHYSICAL METALLURGY 
OF PLUTONIUM AND ITS ALLOYS INCLUDING 
A SPECIAL INTRODUCTION AND ANNOTATED 
BIBLIOGRAPHY. W. D. Wilkinson. In te rsc ience 
Publishing Co., New York, 1960. 

The extractive c h a r a c t e r i s t i c s of Pu and impur i t i es a r e 
given for the sys tem t r i -buty l phosphate from ni t r ic 
acid solution. 

1143. SOME FACILITIES FOR THE STUDY OF PLU
TONIUM AND ITS ALLOYS. G. K. Will iamson, 
D. M. Poole, J . A. C. Marp l e s . J. Inst. Metals 
Sb, 431-6 (1957). 

Various types of gloveboxes for the safe handling of 
Pu and its alloys a r e desc r ibed . Fac i l i t i e s a r e p r o 
vided for alloy prepara t ion . X- r ay examinat ion, heat 
treatment, and metal lography. 

1144. PLUTONIUM RECOVERY FROM CONTAM
INATED MATERIALS, PROJECT CGC-813, 
232-Z BUILDING, 200-W AREA. FINISHED 
PRODUCTS CHEMICAL TECHNOLOGY NEU
TRON MONITORING INVESTIGATION. 
C . G . W i l l s . HW-70792, Aug. 23, 1961, 

A discussion is given of the invest igat ion of the 
neutron-monitoring c h a r a c t e r i s t i c s for the de t e rmina 
tion of the extent of Pu accumulat ion in i nc ine ra to r s . 

1145. TERTIARY AMINE EXTRACTION OF PLUTO
NIUM FROM NITRIC ACID SOLUTIONS. 
A. S. Wilson. P r o c . 2nd Intern . Conf. Peaceful 
Uses Atomic Energy, Geneva, 1958, JT?, 348, 
United Nat ions , New York, 1958. 

Data a re presented to show the effect of pertinent 
var iables on the extraction of Pu. The extraction of 
Pu(III) and (VI) is shown to be smal l . The data on the 
extraction of Pu(IV) by severa l amines a re presented 
and discussed. 

1146. PLUTONIUM CONTAMINATED INJURY CASE 
STUDY AND ASSOCIATED USE OF Na,EDTA AS 
A DECONTAMINATING AGENT. R. H. Wilson, 
W. B. Silker. HW-66309, Aug. 3, 1960. 

A descript ion is given of the t rea tment of a puncture 
wound sustained by an employee with a s l iver of Pu 
metal found to contain -32.9 ^lc of Pu and weighing 
0.497 mg. 

1147. AQUEOUS RECOVERY OF PLUTONIUM FROM 
ALLOYS CONTAINING FISSION PRODUCT 
ELEMENTS. R. S. Winchester, W. J . Maraman. 
P r o c . 2nd Intern. Conf. Peaceful Uses Atomic 
Energy, Geneva, 1958, IJ- l^^ ' United Nations, 
New York, 1958. 

A survey of aqueous Pu recovery and purification 
methods as applied to Pu- r i ch reac tor fuels is p r e 
sented. These methods consist of precipitating pluto
nium fluoride, oxalate, and peroxide absorbing on 
anion-exchange r e s ins , and solvent-extract ing with 
t r i -n-butyl phosphate. 

1148. MAGNESIUM EXTRACTION PROCESS FOR 
PLUTONIUM SEPARATION FROM URANIUM. 
I. O. Winsch, L. Bu r r i s , J r . Chem. Eng. 
P rog . .5^, 237-42 (1957). 

In the process descr ibed, molten Mg, which is i m m i s 
cible with molten U, may be used to extract Pu from 
i r radia ted U. The Pu dis t r ibutes between the Mg and 
U with a distribution coefficient of about 2 (weight 
basis) in favor of the Mg. The Pu is then separa ted 
from the Mg by volatilization of the la t te r . 

1149 IMPROVED EQUIPMENT FOR POTENTIO-
METRIC TITRATION PROCEDURE. E . N . W i s e . 
LA-1176, Sept. 11, 1950. 

An automatic t i t r a to r has been designed and const ructed 
which is capable of handling homogeneous solutions of 
Pu with a precis ion of 0.7-0.9 par t per thousand. The 
samples a re converted to the sulfate and reduced to the 
+ 3 state with titanous sulfate. The t i t ra tor automat
ically added the sulfatoceric acid and accurately de t e r 
mined the cer ic - t i tanous and then the cer ic -p lu tonium 
end point. 

1150 QUANTITATIVE ION-EXCHANGE SEPARATIONS 
FOR SEQUENTIAL RADIOCHEMICAL ANALYSIS. 
L. Wish. USNRDL-TR-185, Oct. 10, 1957. 

A method for a rapid separat ion and determinat ion of 
Np Pu U, Z r , Nb, and Mo isotopes in mixed fission 
products is evolved from Dowex-2 anion-exchange 
equil ibrium data of these elements in HCl, HCl -HF , 
and H N O J . 



1151, QUANTITATIVE RADIOCHEMICAL ANALYSIS 
BY ION EXCHANGE. ANION EXCHANGE 
BEHAVIOR IN MIXED ACID SOLUTIONS AND 
DEVELOPMENT OF A SEQUENTIAL SEPARA
TION SCHEME. L. Wish. Anal, Chem. H , 
326-330 (1959). 

Elution cha rac te r i s t i c s of Np, U, Pu, and Zr in HCl, 
HNO3, and H2S04 media with Dowex-2 anion-exchange 
res in were found. Pa has also be included. Np, Pa , 
and Pu were of about 99% purity after one column p a s s . 
The U was contained in a la rge proport ion of Zr and 
had to be t rea ted further. 

1152. SEQUENTIAL ANALYSIS OF TRACER AMOUNTS 
OF Np, U, AND Pu IN FISSION-PRODUCT 
MIXTURES BY ANION EXCHANGE. L. Wish, 
M. Rowell. USNRDL-TR-117, Oct. 11, 1956. 

Elution cha rac te r i s t i c s of Np, U, Pu, and Zr in HCl, 
HNO3, and HjSOi media with Dowex-2 anion res in were 
found. F r o m these , a procedure for the sequential 
analysis of the three actinides in f ission-product mix
tu res in HCl and HNO, has been developed, Pu was 
also included in this separat ion scheme. In most c a se s , 
the Np, Pa, and Pu were sufficiently decontaminated 
after one column for 99% purity. The U contained a 
large portion of the Zr and had to be t rea ted further 
for a satisfactory separat ion. The yields were approx
imately 70-90%. 

1153. REACTOR FUELS AND MATERIAL DEVELOP
MENT PLUTONIUM RESEARCH, APRIL-
JUNE 1963. L. J. Wittenberg. MLM-1162, 
June 30, 1963. 

1154. THE CHELATE COMPOUNDS OF PLUTONIUM. 
F . J. Wolter. ISC-14, May 25, 1946. 

The history of the Pu problenn during the early days of 
the Manhatten Pro jec t is d iscussed. Also covered is 
the chemistry of the various oxidation states of Pu and 
the nature of chelate compounds, 

1155. ELECTRODEPOSITION OF PLUTONIUM. 
F . J. Wolter. U. S, Pa t . 2,805,985, 
Sept. 10, 1957. 

A process of electrolyt ical ly recovering Pu from 
dilute aqueous solutions containing Pu ions compr i ses 
electrolyzing the solution at a cur ren t density of about 
0.44 amp per sq cm in the p resence of an ace ta te -
sulfate buffer, while maintaining the pH of the solution 
at substantially 5 and using a s t i r r e d Hg cathode. 

1156. PLUTONIUM COMPOUNDS AND PROCESS FOR 
THEIR PREPARATION. F . J . Wolter, 
H. C. Diehl, J r . U. S. Pa t . 2,819,280, 
Jan. 7, 1958. 

This patent re la tes to cer ta in new connpounds of Pu, 
and to the utilization of these compounds to effect 
purification or separat ion of the Pu. The compounds 
are organic chelate compounds consisting of t e t r a 
valent Pu, together with a di-(sal icylal) alkylene 
diamine. 

1157 ANALYTICAL CHEMISTRY OF PLUTONIUM, 
(SUMMARY.) F . J , Woodman. The Analyst 84, 
259-60 (1959). 

This is a brief summary of a paper p resen ted at the 

Scottish Section. 

1158. THE DISPERSAL OF EFFLUENT IN THE SEA. 
J . W r i g h t . Atomics 2 , 274-9 (1956). 

Exper iments were made to de te rmine the na tu re of 
p roce s se s leading to physical d i spers ion of r ad io 
activity from the point of d ischarge in the sea . 

1159. PROPERTIES OF FISSILE AND BREEDER 
METALS. J . C . W r i g h t . Metal T rea tmen t and 
Drop Forging £7 , 375, (Sept 1960). 

The p roper t i e s and cha rac t e r i s t i c s of the f iss i le and 
b reede r metals and alloys of Pu, Th, and U a re given. 

1160. THE PRODUCTION OF REACTOR FUEL 
ELEMENTS. III. L. M. Wyatt. Nucl. Power 1 , 
125-9 (July 1956). 

The physical p roper t i e s of Pu metal a r e given. The 
difference between Br i t i sh and Amer ican fuel plate 
designs are noted. The method for developing the 
BEPO type can is explained. 

1161. ELECTROMAGNETIC RESEARCH DIVISION 
PROGRESS REPORT JULY 1, 1950 TO 
OCTOBER 1, 1950. Oak Ridge National Lab
ora to ry , Y-12 Area . Y-676, Oct, 12, 1950. 

With the instal lat ion of the assembly and the shielding, 
the 86-in. cyclotron is s t ruc tura l ly complete . The 
separat ion of in te rmedia te level U^^^ is near ing com
pletion, and p re l iminary t e s t s were made for the sep
arat ion of Th, Bi, and Pu isotopes . 

1162. THE PREPARATION OF THIN FILMS OF PLU
TONIUM, AMERICIUM, AND CURIUM BY AN 
ELECTROLYTIC METHOD. G. N, Yakovlev, 
P . M. Chulkov, V. B. Dedov, V. N. Kosyakov, 
Y. P . Soboley. J . Nuclear Energy ^ , No. 1, 
159-61 (1957). 

Methods were developed for the quantitative deposition 
of Pu, Am, and Cm on metal l ic su r faces . The elements 
were deposited as hydroxides from neut ra l and weakly 
acidic alcoholic solution of the ch lo r ides . 

1163. ARSENAZO(III) AND ITS USES. P . Yang. 
Hua Hsuch Tung Pao % 567, 568-71 (1963). 

Zr and Pu can be determined with Arsenazo III, 

1164. DETERMINATION OF PLUTONIUM BY TITRA
TION WITH CERIC SULFATE. P . Young. Anal. 
Chem. 24, 152-62 (1952). 

Plutonium sulfate solutions a re reduced to Pu(lII) in a 
small Jones reductor , and t i t ra ted to Pu(IV) with cer ic 
sulfate (0.0045N) with ferroin as indicator . The r e 
producibility on 2.5 mg of Pu was ±0.25%. 



1165. CRYSTAL STRUCTURE OF SOME SULFIDES. 
W. H. Zacha r i a sen . Acta. Cryst . 1 , 288, 1949, 

A number of sulfides and oxysulfides of 5f e lements 
and of Ce have c rys t a l s t ruc tures of NaCl type, SbzSj 
type, PbCl; type, and PbFCI type. 

1166. THE STRUCTURE OF PLUTONIUM METAL. 
W. H. Zachar iasen . In TID-7683, Plu tonium 
Chemistry Symposium, Chicago, I l l inois , 
February 18, 1963, pp. 12-15. 

The results of c rys ta l s t ruc tu re s tudies of Pu metal 
are summarized. S t ructure data a r e given for all s ix 
phases, and metallic radius is d i scussed in re la t ion to 
related elements and to the e lec t ron configuration. 

1167. CHROMATOGRAPHIC SEPARATION OF MICRO-
QUANTITIES OF Np AND Pu ON KU-1 AND 
KU-2 CATION RESINS. V. D. Zag ra i , 
L. I. Sel 'chenkov. Rad iokh imiya^ , 181-4 (1962). 

Separation of 98 ± 2% of Np and Pu was achieved using 
KU-1 and KU-2 cation r e s in (with >10^ separa t ion 
coefficient) with 0.02N hydrofluoric acid eluant. 

1168. SPECTRAL ANALYSIS BY THE VAPORIZATION 
METHOD. V. ANALYSIS OF PLUTONIUM BY THE 
VAPORIZATION METHOD IN VACUUM. 
A. N. Zaidel, N. I. Kal i teevski i , L. V. Lipis , 
V. M. Tarakanov. UCRL-Trans -766(L) . T r a n s 
lated from Optika i Spektroskopiya 1 , 16-20 
(1957). 

A technique was developed for applying the evaporat ion 
method to the spec t ra l analys is of Pu . 

1169. SOME ASPECTS OF SYNERGISM IN SOLVENT 
EXTRACTION. II. SOME DI- , TRI- , AND 
TETRAVALENT METAL IONS. M. Zangen. 
J . Inorg. Nucl. Chem. H , 1051-63 (1963). 

Synergistic extract ion of t r iva len t lanthanides and 
actinides, alkaline ea r th s , and Th from hydrochlor ic 
solutions was studied using a connbination of a mono-
acidic phosphonate e s t e r (the chelating agent) with a 
neutral organophosphorus compound (the synergis t ) at 
varying concentrat ions in cyclohexane. 

1170. THE SALICYLATES OF PLUTONIUM. 
O. Y. Zvyagintsev, B. N. Sudarikov. N P - t r - 3 1 2 , 
(pp. 231-247). 

The behavior of sa l t s of Pu(UI) and (IV) in solutions of 
salicylic and ammonium sal icylate was studied. It was 
shown that the sal icylate of Pu(UI) and Pu(lV) can be 
titrated against solutions of ammonia or alkal i . 

Uri. CHROMATOGRAPHIC SEPARATION OF Np 
FROM U, Pu AND FISSION PRODUCTS. 
Y. A. Zolotov, D. Nishanov. Radiokhinniya 4^ 
241-4 (1962). 

Np(V) is eluted from the cation column by IM ni t r ic 
acid Eihead of U(VI) and other fission products . 

1172. SPECTROCHEMICAL ANALYSIS OF PLUTO
NIUM. G. Zotov, C. A. Fowler . AECL-298, 
May 3, 1955. 

A procedure is given for the spectrochennical analysis 
of Pu for innpurity content. A sparking technique is 
used for excitation of the graphite e lec t rodes . Oxygen 
atnnosphere reduces the background due to C and 
cyanogen. Techniques for preparat ion of sannples, 
s tandards , loading of e lec t rodes , plate cal ibrat ion, and 
internal standardization are descr ibed. 
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separat ion using cupferron, 776 

solvent extraction by e s t e r s , 796 

solvent extract ion with TOA and TTA, 943 

solvent extract ion with TOPO, 668 

spectrochennical deternnination in Pu, 1130 

vapor p r e s s u r e of fluoride, 186 

Amines (see (dso Extract ion) 

effects of additives and s tab i l i ze rs , 44 

for extraction fronn sulfuric acid solution, 445 

for extraction of ni t r ic acid, 80 

for extraction of Pu(lV), 45, 146, 163 

in extraction p roces s , 129 

Amperometr ic t i t rat ion, 971 

Analytical chemis t ry of Pu, 48, 601, 698, 761, 790, 
803, 944, 1157 

Analytical methods, 560, 585, 588. 810, 944, 995 

alpha counting, 424 

bioassay, 134, 451 

by extraction, 236 

by ion exchange, 236 

by isotopic delution, 424 

for ce ramics , 396, 459, 460 

in i r r ad ia ted fuels, 474 

radiochennical, 405 

spec t rographic , 202, 236, 424 

summary r epo r t s , for chemical engineering, 19, 
21, 172 

for nuclear physics , 528 

for physics section, 529 

for Redox group, 526, 527 

survey for nuclear nnater ials , 3, 262, 517 

used in Hanford plants , 140 

wet chemical methods, 165 

Anion exchange (see also Ion exchange) 

application of, l64, 315 

dependence of d is t r ibut ion on concentrat ion, 493 

for separa t ion of Pu and Th, 492 

for separa t ion from var ious ions, 594 

for ur ine analys is , 181 

sys tem for e lements in n i t r ic acid, 164 

sys tem for binary al loys, 164 

Atomic scat ter ing fac tors , U-Th-Pu , 899 

Atomic spec t rum for Pu, 1038 

Autoradiographic method, for pa r t i c le s ize, 242 

for Pu, 292 

B 

Berkel ium, produced in Pu, 655 

Bibliography on, actinide elennents, 208 

alloys of Pu, 90, 588 

analysis of cer ta in radioact ive e lements in 
biological nnater ials , 877 

connpounds of Pu, 289 

Cm, 723 

extract ive and physical meta l lurgy, 1142 

haza rds of Pu, 561 

i r rad ia t ion data on Pu, 90 

Pu, 289, 455, 456, 457, 588, 723, 1007a 

r e f r ac to r i e s , 232 

t i t ra t ions with ethylene diamine, 345 

Bioassay, 777, 1073 

proceedings of meeting, 1110 

Biological m a t e r i a l s , analysis of s tools , 37, 912 

analysis of t i s sues , 909 

bibliography radioact ive e lements , 877 

determinat ion in bone, 1081 
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in vivo Pu m e a s u r e m e n t , 891, 893 

in wounds (Pu), 892, 1146 

liquid scint i l lat ion counting of Pu in, 1072, 1073 

Pu removal , 902, 946 

Bismuth, analys is of, 64 

Bismuth phosphate, precipi ta t ion of Pu, 113, 120. 582, 
816, 883, 910, 921, 931, 968, 1025, 1065 

Body {see also Physiological behavior) 

autoradiographic method, 292 

detecting Pu by gamma spec t rome t ry , 637, 1076 

distribution of Pu, 913 

distribution of Pu, Zr influence, 903 

internal contamination and t r ea tmen t , 949, 950 

massive oral dose in, 1042 

removal of Pu, 902, 946, 948, 1036. 1053 

very low level of Pu, 966 

Body burden, code for computing, 616 

counting gamma, 637 

estimating radioelennents, 777, 1018 

Boron, determination in fuel, 1066 

determination in Pu, 202, 472, 760 

spectrochemical de te rmina t ion in Pu-U, 1129 

Breeder meta ls , p rope r t i e s , 1159 

Breeder reac tor , convers ion ra t io , 625 

Burnup determination, in r e a c t o r fuels, 162 

c 
Cadmium, deternnination in Pu, 65 

Californium, production in Pu, 665 

Calorimetric, de terminat ion of Pu, 98 

measure of Pu, 239, 619 

Capture-to-fission ra t io , 1126 

Carbides, 607 

carbon content, ana lys i s for, 248, 249 

evaluation, 904 

fuels, 979 

preparat ion and p r o p e r t i e s , 300, 305, 511 

processing of, 107 

Carbon, de te rmina t ion in Pu, 248, 249, 468, 619. 1006 

Carbonate complex, instabi l i ty , 744 

Cation exchange (see also Ion exchange) 

anions, absorption of. 692 

elutr iants for Pu, 100 

feed, stabilization of, 160 

n i t r ic acid, for determination of, 183 

purification of Pu, 130, 160, 291 

res in with scintillating proper t i es , 433 

Ceramic fuels, p roper t ies , 813 

Cer ium, determination in Pu, 1016 

deternnination in Fu-Ce-Co , 833 

Ceric sulfate, standardization, 869 

Chelate compounds of Pu, 123, 1154, 1156 

Chelating agents for Pu removal from body, 948, 
1036, 1053, 1146 

Chemical proper t ies , 216, 723, 882. 936 

in solution, 808 

Chemistry, of anion-exchange process for Pu. 422 

of Pu, 214, 215, 216, 426, 756, 860, 969, 1066 

Chloride, determination in Pu, 66 

Chlorine, analysis for, 360, 470 

Chromatography, application in inorganic ana lys is , 343 

for analysis of i r rad ia ted U, 246 

for analysis of t ransurania , 206 
for determination of oxidation s ta tes , 406 

for purification of Pu, 33, 246, 542 

for separat ion of Pu, 408. 542 

Chromium determination in Pu. 463, 1008 

Cobalt, determinat ion in Pu -Ce-Co , 833 

e lec t roanalys is of, 67 

Coincidence counting, low-level Pu, 870 

Complexes of Pu, 216, 362, 385, 386, 403, 431, 563. 595 

for preventing deposition, 535 

for removal of internally deposited Pu, 42 

for removal by ur inary excret ion, 699 

with diketones, 123, 290 

with EDTA, 362, 383, 522, 598 

with oxalate, 382, 384 

with peroxide, 229 

with thoronol, 193, 603 



Complexometric t i t rat ion, analysis for Pu, 93, 147 

bibliography, 345 

indicator for, 512 

Compton Magnetic Spect rometer , 680 

Computers , in radiochemical analys is , 690 

kinetic data, 736 

Controlled-potential coulometry, 159, 184, 187, 281, 
282, 297, 389, 417. 543, 717, 812, 855, 952, 957, 
985, 986, 987, 988, 1040 

Copper, e lect roanalysis of, 67 

Corrosion behavior, of Pu, 1096 

of Pu and U, 1095 

Counting methods, for Pu, 7, 18, 136, 177, 235, 353, 
374, 446, 476 

for X- rays , 148, 346 

Cri t ical mass measu remen t s , 458, 562, 600, 953, I I24 

of plutonium fluoride solutions, 672, 673 

of plutonium ni t ra te solutions. 212, 672, 673 

of oxalate s l u r r i e s , 1002 

Crit icali ty protection, 550 

calculations, 487 

in chemical plants, 188 

problems, evaluation of, 211 

Crystal chennistry, compounds of U, Th, Pu, Np, 657 

s t ruc ture , of heavy-element compounds, 369 

of Pu compounds, 398 

of Pu metal , 1166 

of sonne sulfides, 1165 

Cupferron. for Pu precipitat ion, 82, 547, 648, 850 

proper t ies , 725 

Curium, 244, 245, 662 

chemis t ry of, 860 

preparat ion of thin films, 1162 

processing, 792 

separation, 485, 723, 796, 908 

D 

Decontamination, by amine extract ion, 129 

by ion exchange methods, 14, 53 

by iodate precipitation, 131 

measurennent of, 407 

Density nneasurennent of al loys, 91 

Depolymerization of Pu(lV), 241 

Diffusion coefficient, of Pu and U in liquid phase , 567 

in r e s in , 340 

Dissolver solution, analysis of, 363 

Disproport ionation, equil ibria , 228 

mechanism for Pu(V), 230, 858 

mechan i sm for Pu(lV), 228, 856, 862 

Dry chemis t ry of Pu, 30 

E 

Elec t rochromatographic sequences (U, Pu, Th), 933 

E lec t rochemica l studies of Pu, 220, 428 

Electrodeposi t ion, of act inides , 277, 375, 524 

of Pu, 86, 711, 716, 722, 737, 777, 848. 927, 931, 
932, 955, 998, 1099, 1155 

of U, 927, 998 

survey of organic solvents for, 849 

Elect rolyt ic cleaning of Pu sannple, 1005 

Elec t romagnet ic separa t ion (Th, Bi, Pu Isotopes), l l 6 l 

E lec t ron-probe mic roana lys i s , 314, 958 

Elect rophoret ic deposition, 1102 

Electrorefining, KAPL p r o c e s s , 774 

Ethylene diannine te t race t ic acid, bibliography on 
t i t ra t ions , 345 

react ions with Pu and U, 562A 

solubility, 562A 

Evaporation,of Pu from fuels, 251, 252 

Excretion,of Pu, 913 

Extract ion {see also Solvent extract ion) 

apparatus for batch, 489 

at var ious oxidation potent ia ls , 186 

by liquid me ta l s , 1093 

by molten Bi, 686 

by molten Mg, 1148 

by molten Ag, 685 

distr ibution in wash portion, 530 

extract ion studies with inorganics , 483 

extract ive nnetallurgy of Pu, 1142 

of Pu cupfer r ides , 547 

of insoluble sa l t s , 378 

of Pu and U chlor ides from fused sa l t s , 704 

of thoronal connplexes. 603 

review of Pu, 874 



reflux solvent ex t rac t ion system, 521 

technique for alloy ana lys is , 515 

solvents for, amines , 146, 198, 199. 221, 565 

for ac t in ides , 536, 537, 538 

tor biological m a t e r i a l s , 153 

for n i t r ic acid determination, 80 

for Np. 221 

for Pu(IV) n i t r a te , 44, 45. 80, 129, 198, 201, 221 

for U(VI) n i t ra te , 44, 80 

ethers , 167, 437 

organic phosphorus compounds, 151, 169, 299, 586 

tributyl phosphate, for ac t in ides , 10, 479, 480, 481 

for Np, 482 

for Pu, 79, 3 51, 421 

for Pu al loys, 399 

theonyl t r i f luoroacetone, 254, 255, 267, 434, 
435, 978 

trif luoroacetyl acetone, 244, 551, 581 

review of methods, 486 

symposium on Pu, 198 

with partit ioning agents , 368 

F 

Fallout, analysis of, 666 

measurement of.by surface nnonitor, 176 

Films, for alpha counting, 660 

preparation for spontaneous f ission counting, 814 

thin f i lms, 614, 710, 737. 975. 1019, l l 6 2 

Fissile ma te r i a l , de te rmina t ion of production, 35 

production of unifornn foils . 1019 

proper t ies , 1159 

Fission, c ro s s section, 880 

measurement of, 376 

fragment counting, 975 

of Pu, isotopes fornned. 1140 

mass spec t rome t r i c de te rmina t ion of, 697 

physics of, 419 

p roces se s . 491 

spectra , 99 

spontaneous, measurennent of Pu content, 178 

Fission products , adsorpt ion f rom aqueous solut ions, 
55, 377 

analysis of, 429, 834 

analysis in fast r e a c t o r s , 693 

dis t r ibut ion in absorp t ion-ex t rac t ion . 1046 

distr ibution in ether extraction p rocess . 1088. 1089 

distr ibution in molten U and UFj-BaClz, 32 

distr ibution with TBP and n i t ra tes . 76 

extract ion with dibutyl carbitol . 772. 773 

for coating waste measurement . 509 

ion-exchange studies, 945. 974, 994, 1059, 1171 

phosphate method for separat ion, 1065 

Pu decontamination, 1147 

separat ion. 88 

by extraction methods, 651, 731, 732, 821 

by volatilization and liquidation, 608 

with EDTA, 189 

with molten meta ls , 269 

t reated with formic acid, 786 

Fluorescence , quenching action of Pu on U, 70, 471, 1106 

Fluorescent spectrum of Pu(lll), 259 

Fluoride, determination by a rsenazo compounds, 58 

determination with thorium ni t ra te , 202, 338 

determination by pyrohydrolysis . 871, 1127 

determinat ion in plutonium fluorides, 752 

dry method for separat ing U, Pu. and fission 
products . 628 

electrodeposit ion of Pu, 524 

handling of Pu fluorides, 63 

ionization chamber for Pu, 217 

physiochemical p roper t ies of Pu, 12 

preparat ion and proper t ies of Pu. 275, 276. 279. 

347, 618 

react ion with SF^. 508 

solubility of plutonyl. 11 

vapor p r e s s u r e of Pu, 186 

Fluorination, of Pu, 513 

of U, 506 

F ree acid, determinat ion in Pu compounds. 818 

determination in Pu solutions. 1009 

Fuels , analysis of complex mixtures of, 250 

analysis of ce ramic , 374 

ce ramic , 459. 460 

development of Pu, 778, 779, 780, 1153 

i r rad ia ted ,Pu recovery , 630 

by e lec t ro lys is , 524 

by ion exchange, 8. 417, 629, 632 

by solvent extraction. 17, 486. 657 
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reprocess ing of, 617, 940, 999 

reprocess ing by liquid nnetal, 1093 

symposiunn on reprocess ing of, 1067 

pyroprocessing of, 875 

reac tor development, p r o g r e s s r epo r t s , 312, 322, 
323, 324, 488 

nondestructive testing of, 22, 23 

production, 1160 

reprocess ing of, 253 

Fused sa l t s , deternnination of Pu in, 1060 

extraction of Pu, U. 740 

G 

Galliunn, determination of, 469 

Gannma absorptionnetry, for heavy elennents, 650 

for in-line determination, 705 

for Pu with fission products , 1083 

for U, Pu, 235, 708, 873, 1037 

Gannnna radiation, surface dose from Pu gamma, 890 

Gannnna shielding, special Pu samples , 750 

Gases, determination in Pu, U, Zr, 360, 1054, 1055 

Gravimetr ic analysis,of Pu 3 03, 889 

H 

Hafnium,extraction with annines, 728 

Handling analytical labora tor ies for, 541, 546, 699, 701 

bibliography on hazards , 561 

hazards of, 195, 550 

health hazards , 420, 845, 951, 1112 

radiation problems, 1030 

shipping investigation, 718 

Saclay hot-cel l facility, 1084 

techniques and facil i t ies, 156. 311, 391, 448, 641, 721, 
1017, 1029, 1035, 1071, 1143 

Hydrazine,as partit ioning agent, 163 

Hydrogen peroxide, decomposition by Pu, 319 

effect on Pu valency, 388 

elimination fronn solution, 47 

Hydrolysis, of Pu, 83, 401, 593 

I 

Indicator,for chelates, 512 

Indium,deternnination in Pu solutions, 1113 

Industr ial hygiene, analytical p r o c e d u r e s , 712 

Infrared spec t ra , of Pu, 894 

of t r ansu ran ic s , 514 

Inhalation,of Pu, 38 

Inorganic analys is , recen t developnnents, 887 

Instrumentat ion, for alpha monitor ing. 210, 287, 

404, 507 

for cr i t ica l i ty protection, 188 

ionization chamber s , 217 

Ion exchange (see also Anion and cation exchange and 

separat ions) 

anion, absorpt ion of anions on cation res in , 592 

actinides (hexavalent), 917 

actinides (quadrivalent), 915 

actinide (III) n i t ra te sys tem, 666 

A l -Fe -U , 714 

Cm and Pu, 792 

in bioassay, 777, 1073 

Np, 916, 926 

Pu, 15, 315, 422, 493, 918, 919, 926, 947, 994, 
996, n i l , 1131, 1137, I I 4 7 , 1150, 1151 

Pu-Co-Ce , 833 

sequential separa t ion of sonne ac t in ides , 885 

cation, for B, 760 

for Pu, 100, 130, 150, 316, 667, 889, 910, 1021, 
1043, 1070, 1167, 1171 

for Pu-U, 840 

select ive Pu isolation, 757 

chennistry of Pu in anion exchange, 914 

decontamination of was tes , 739 

diffusion coefficient, deternnination of, 340 

inorganic exchanger, 758, 970, 999. 1028 

packed column, 886 

separat ion of Pu, from Am(lll), 743 

from i r rad ia ted fuels, 8, 53, 417, 629, 632 

from impur i t i es , 53, 132, 572, 573, 594 

stabil ization of feed, 160 

studies of act inides , 203. 288 

studies of Pu, 793, 945, 1059, 1068, 1069 

theory, application to t race e lements , 390 

with si l ica gel, 5, 260 

Ionization potential of Pu, 837 

Irradiat ion, physiological effects, 358 
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Iron, de te rmina t ion in Pu solutions, 264, 464, 8 

e lec t rochemica l , 716 

e lec t ron probe method for Pu -Fe , 958 

flux method, 85 

oxidation potent ia l , 1 040 

P u - F e , 31, 264 

separat ion by basic acetate precipi tat ion. 751 

separation from Pu, 714 

Isotope, dilution analys is , 424. 825 

exchange react ion, 539, 554 

from plutoniunn i r rad ia t ion , 62. 266 

separation of plutonium, 366, 409 

Isotopic analysis (sec a/so Mass spec t roscopy) , by 
optical spectroscopy, 27 

K 

Kinetic data, use of compute r s , 736 

L 

Lampre progrann, 607, 608 

Lanthanides, absorpt ion spec t r a , 1033 

ion exchange of thiocyanote connplexes, 1043 

synergisnn in solvent extract ion, 1169 

Lanthanum, de terminat ion in Pu, 68 

separation from Pu, 494 

Lanthanum fluoride method, 727, 819, 820, 826, 883, 
930, 931, 934, 939, 966, 1045, 1105, 1133 

accuracy and p rec i s ion . 197 

comparison with d i r ec t mount, 69 

for plutonium, 69, 132, 171, 389. 450, 503, 526 

improvennent in washing technique, 332 

in presence of a luminum, 193 

precipi tat ion of te t rapos i t ive ions, 939 

Lead, analysis by g a m m a abso rp t ime t ry , 1037 

analysis by m a s s s p e c t r o m e t r y , 805 

M 

Mass spect roscopy, cement base for source , 416 

effect of oxygen i so topes , 412 

for de te rmina t ion of, heavy f ragments from 

fission, 597 

I, 20 

Pu, 20, 49, 629, 653, 794, 810. 1024, 1122 

Pu and U, 1079 

V, 20 

for sinnultaneous Pu and U determination, 876 

solid techniques for Pu, U, Pb, 805 

Manganese dioxide for Pu separat ion, 261 

Measurennent methods for Pu, by gamnna absorption, 
318 

by ra t io method, 510 

by X r a y s , 545 

for measurennent of decontamination, 407 

with f i l t e r -paper nnonitors, 210, 287 

with scinti l lat ion counters , 404, 446 

Metal, dissolution of Pu. 499, 550 

investigation of hazards , 284 

Pu, analysis for Ann in, 161, 165, 174 

analysis for B, 472 

analysis for C, 248, 249, 468 

analysis for chloride, 66, 360, 470 

analysis for Cr, 463 

analysis for Fe. 464 

analysis for fluoride, 338 

analysis for Ga, 469 

analysis for hydrogen. 1054, 1055 

analysis for Np, 165 

analysis for nitrogen, 36, 165, 466. 1054. 1055 

analysis for oxygen, 283, 302, 1064, 1055 

analysis for Si, 465 

analysis for S, 360 

analysis for U, 165 

prepara t ion , 506. 579 

production of, 62 

p roper t i e s , 500, 580 

the rmal analysis , 293 

Metallurgy, facility at Hanford, 1139 

of Pu, 1056, 1100. 1160 

physical metal lurgy and bibliography. 1142 

Microchemis t ry , ana lys is , 676 

e lect ron probe for mic roana lys i s , 314 

rol l in Pu isolation, 194 

techniques in, 544, 676 

Molybdenum, analysis in U-Pu-Mo. 349, 835 

radiochemical ana lys is , 1150 

separat ion and determinat ion in Pu, 1116 

spect rochemical ana lys is , 765 

Monitors , for U and Pu in process ing , 900 

neutron, for Pu in inc ine ra to r s . 1144 



N 

Neptunium (see also Actinides) 

analytical chemis t ry , 803 

chemical p roper t i e s , 969 

chlor ides , separa t ion from Pu, 659 

electrochennical analys is , 716, 937 

extract ion with TBP, 479, 481, 482 

extraction with TTA, 978, 1001 

identification of valency, 206, 364 

in nature , 965, 966 

methods, 944, 1001 

oxidation potential, 1040 

phosphate precipi tat ion of Pu, 1065 

plating, 552 

preparat ion, 610 

radiochemical determination, 729, 1150, 1151, 1152 

Redox d iagrams , 997 

reduction of Np(Vl) by U(IV), 1041 

separation, 654, 797, 916 

by anion exchange, 916, 926, 1069 

by cation r e s i n s , 1167, 1171 

by e lec t ro lys i s , 928 

by phenylarsonic acid, 1027 

by t e r t i a ry amine, 976 

by TOA, 977 

fronn Hanford waste , 326 

from Pu, 108, 165, 170, 321, 370, 581, 959, 976, 
989. 1150, 1151, 1152 

fronn U, Pu, fission products , 768 

solubility data, 1136 

Nickel, analysis , 67, 361 

determination in Pu, 1052 

Niobium, in fission products , 834 

radiochemical analysis , 1150 

separat ion from Pu, 260 

Nitrate ion, analysis for, 183 

oxidation of Pu, 245 

rennoval of, with formaldehyde, 327 

Nitr ic acid, analysis for in Pu ni t ra te . 183 

analysis for, in Pu, 238 

analysis for, in U, 183 

Nitride, prepara t ion and p roper t i e s , 142, 301 

Nitrogen, determinat ion, 165, 360, 466. 1054, 1055 

Nondestructive, assay of nuclear fuels, 680 

testing of nuclear ma te r i a l s , 22, 235, 360, 374 

testing in waste, 318, 509 

Nuclear data for Pu, 317, 531 

Nuclear ennulsion technique, 1003 

Nuclear nnaterials, analysis , 474 

recent developments, 312 

testing, 235 

Nuclear p r o c e s s e s , 491 

Nuclides, specific activity, 484 

0 

Organophosphorous ext rac tants , 169, 671 (see a/so 
Extraction) 

Oxalate (see also Connplexes) 

complex instability, 744 

connplex studies, 382 

decomposition. 352, 872 

polarography, 350 

precipitation, 9, 334, 395, 675 

precipitat ion for Pu purification, 9, 395 

Oxidation, potentials of Fe, Pu, Np, 1040 

potentials of Pu, 226, 227, 523 

Pu to plutonyl, 709 

Pu, 122, 310, 379, 571 

states of Pu, identification, 364, 461 

states of Pu, study of, 154, 206, 364, 406, 461 

Oxides, bibliography, 232 

C, analysis for, 248 

deposition and retention in r a t s , 96 

oxygen, analysis for, 302 

separat ion from U oxide, 60 

studies on, 200, 300, 306, 532 

volatile, 237 

use in r e a c t o r s , 81 

Oxygen, analysis , 283, 302, 1054, 1055 

determination in Pu, manometr ic , 1007 

determination in U-Pu-C , I05I 

exchange react ions of Pu ions, 866 

gravimetr ic determination in U-Pu mixed oxides, 748 

to nnetal ra t io . 644 



Peroxide (see also Hydrogen peroxides) 

decomposi t ion of, 319 

of ac t in ides , 313 

of Pu, 46. 229, 330 

Phosphates , p repa ra t ion and measurennent , 87 

Phosphorous , ana lys i s for, 304. 473 

Plat inum, de te rmina t ion in Pu, 1014 

Plutonium, plant p rocess ing , monitoring Pu and U, 900 

at JENER, 1045 

analogy to U(V), 591 

analys is , in- l ine ana lys i s . 224 

in nnacro uran ium. 18 

assay in cas t ings , 606 

data, manual of, 365 

density, 487 

deposit ion of thin l a y e r s , 26. 272. 375, 392, 569, 570 

detection by i r r ad ia t ion in pile, 682 

determinat ion (see a/so Specific method) 

by differential spec t rophotomet ry , 823, 829, 

831, 832 

by slow and fast neu t rons , 1066 

in na tu ra l U fuels. 1123 

in p re sence of fission products , 1083 

of par t i c le s ize , 242 

with arsenazo(III) , 1163 

dioxide, volati l i ty. 836, 838 

disproport ionat ion, 462 

dissolut ion of, 499 

high-densi ty oxide, 867 

me ta l in HNO3, 1141 

dis tr ibut ion, between meta l s and meta l hal ides , 

1120, 1121 

in magnesium halide sys t em, 354 

in molten U and UFj-BaCIz, 32 

e lec t ronic s t r u c t u r e . 270 

fission c r o s s sect ion. 376 

f i rs t isolat ion of. 258 

from Swedish r e a c t o r fuel, 613 

in alkaline solut ions, 733 

in na tu re , 627. 797, 965, 966 

in p lants . 643 

in solution, effect of gamma radiat ion, 801. 802 

impur i t i e s in. de te rmina t ion by spectroscopy, 28, 

502. 577 

isotopes, ana lys is , 387 

buildup of i r radia t ion , 266 

separat ion, 366 

isotopic spect rum, 583 

low level. 870 

measurennent of n, 320 

nnicrostructure , observat ions , 766 

nuclear chemical and physiological effects, 1048 

oxides (see oxides) 

physical p roper t i e s and alloying behavior, UOO, 1160 

physical p rope r t i e s of meta l l ic , 218, 639, 640 

physiological behavior, body accumulat ion, 110, 292, 

356, 357, 359, 381, 430, 553, 596 

removal by complexing, 42 

retention and excret ion, 38, 96, 596 

X-radiat ion, 358 

polymerization, 241 

in ni t r ic acid. 83, 157, 158 

precipitat ion, 378 

aceta te , 114. U 6 , 394 

a r sena te , 1064 

bismuth phosphate. 113, 120, 582, 816, 883, 910, 
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